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NAVIGATION. 


DEFINITIONS, I'TC. 

(1.) Two distinct inctlKuls arc uscal tor navij'ntiiv" a sljip 
from oiM' place to another: the first is an a])|)licalion of tht‘ 
eonnnoii rules of plane trii^onoinetry ; the oiIkt requires a 
knowleilcje of spherical triixonoinetry, and of the principal 
definitions and facts in astronomy. The latter is for this 
rea'^cm called yttutiraJ Astroumnt/ : the characii*ristic name 
of tlu' lOriner being yarif/atum ov phifu' fit/i/t/i//, 

(2.) 'flui iie(‘essary angl(*s and measurements in the first 
nn'llioil are supplied hy means ,, 

of the comjinss and lr»g-line ; in 
the second and more exact me- . j 

thod they ar<‘ (*htaine<l by astro- i 

noinical <ibservations. j 


Jh'Jhiitions in yarijation. 

Let A and i’ represent two 
places on tlu^ surface of the 
earth (considered as a sphere), 
i*u, rz, their meridians, i» the 
pole, and i z an lire of the equa- 
tor. Throuj^h A and r draw a 
cun’e line Ar, cutting all the 
intermediate meridians, i*v, i*\v, 



&c., at the same auffle. This common angle is called the 


course from a to y, and the arc af (in nautical miles) is 


u 2 
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DEFINITIONS. 


called the distance. Draw the parallels of latitude an and 
FO ; the arc a i: ih the latitude of a, and fz the latitude of 
F; uz, or the angle aff, is the difference of longitude 
between a and f. The arc oa is the difference, or, as it is 
called in Navigation, the true difference of latitude between 
A and F. 

Suppose the intermediate meridians pt, pav, &c. to be 
drawn through points u,(:, kc. taken on the arc af indefinitehj 
near to one another, and through «,c, &c., suppose arcs of 
parallels iiii, ci, kc. to be drawn; on this supposition the 
olementarv triangles Aim, BCi, <fec. mav be considered as 
righUantjled plane triangles, of which the sum of the sides 
AU, no, kv. is the distance, the sum of the sides aii, ni, &c. 
is equal to the true difference of latitude, and the sum of the 
sides ini, ci, i^c. is called in Navigation the departure. 

The chart used at s(‘a for marking down the ship’s track, 
and for other purposes, exhibits the surface of tlu* globe on 
a ])lane on which the meridians are drawn parallel to each 
other, and theri'fore the parts Bii, t i, i>k, 4V;c., arcs of 
parallels of latitude, are increased and become equal to the 
corresponding parts of the equator i t, vw, &c. Now, in 
order that every point on this plane may occupy the same 
ndative jiosition with respect to each other that the points 
corresponding to them do on the surface of the globe, the 
distance between any jniints a ami o, and a and f must be 
increased in the same proportion ns the distance fo has been 
inert'ased. The true difference of latitude, ao, is thus 
projected on the chart into what is called the meridional 
difference of latitude, and the departure, nn-fci-fDK-h . . . 
into the diflerence of longitude. A chart constructed in 
this manner is calltHl a Mercator’s Chart. From these defi- 
nitions and principles are deduced certain trigonometrical 
formulffi, and these expressed in words form the common 
Buies of Mercator and Parallel Sailing. For the proof of 
these formulas and rules, the student is referred to the 
Author’s volume of ** Astronomical Problems and their 
Solutions,” (p. 122.) 



PRELIMINARY RULES IN NAVIGATION. 


PEELIMINARY RULES IX XAVIGATION. 

l^ulr (a). 

To find the true diJTerence of latitude, having given the 
latitude from and latitude in.* 

(1.) 'When latitude from and latitude in have like names, 
that is, are both north or both south. 

Under the latitude from, put down the latitndi' in, lake 
the dilfereuee and reduee the same to minul<‘s; ])]aee N. or 
S. against tlie result aeeording as tlu‘ latitude' in is north 
or south of th(' latitude from; the nanaiuder is tlu* true 
dijf'ercnce of latitude. 

(2.) When latitude from and latitude in have unlike 
names, that is, oiu' north and the other south. 

Take the sum of the two latitudes, reeluee it to minutes, 
and atta<*h X. or S. tlu'reto according as the* latitude* in is 
north or south of the latitude from ; the result is the true 
difference of latitude. 

£XAMri.E.H. 

1. Find the true diflerenee of latitude, having given 
latitude from = 42^^ 10' X., and latitude in 50'^ 48' N. 

lat. from 42'^ 10' X. 
lat. in CO 48 X. 

8 38 
GO 

T. D. lat. 518 X. 


* The latitude of the place loft is called the latitude from; the 
latitude of the place arrived at is called the latitude in. 
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PRELIMIXAEY IIULES IN NAVIGATION. 


2. Find the true difference of latitude, having given 
latitude from 3° 42' X., and latitude in 2° 50' S. 

lat. from3^ 42' X. 
lat. in 2 50 S. 

(j 32 
GO 

T. D. lat. 392 S. 

Find the true (lilTercnce of latitude in each of the 


foDowing examples : 

l4it. from. 

Lat. ill. 

Amwors. 

3. 33 

40' 40'X. 

T.D.lat.= 418 X. 

1. 40 40 X. 

33 42 X. 

= 418 S. 

r,. 3 12 S. 

1 10 X. 

= 322 X. 

(5. 3 S S. 

14 12 S. 

= G94S. 

7. 6S 4S X. 

38 30 X. 

~1S18S. 

is. 14 14 X. 

0 0 

... ~ b54 S. 

Buie ib). 

To find the meridional diffirence of latitude^ having given 


the latitude from and latitude iu. 

Take the meridimud parts for the two latitudes from the 
table of mc-ridioual parts ; subtract, if the names be alike, 
and add if the uaiues be unlike ; the result is the meridional 
difference of hi1itiuh\ X. or S. being attached thereto 
according as the latitude in is north or south of latitude 

9. Fuid the meridional difference of latitude, having given 
latitude from 42^1U'X"., and latitude in 50°4S'X". 

lat. from 42‘^10'X. iner. parts 2795-2 X. 

lat. in 50 4S X. mer. parts 35K>-S X. 

iner. diff. lat. 751-G X . 

10. Find the meridional difference of latitude, having given 
latitude from 3''12'X., and latitude in 7^32 S. 

lat. from 3° 42'X, mer. parts 222*2 X". 

lat. in 7 32 S. mer. parts 453*3 S. 

mer. diff. lat. 075*5 S. 
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Fintl the meridional difference of latitude in each of tlie 
following examples : 



Lat. fi'om. 

I.at. in. 

Answera. 

11. 

34°12'X. 

33°15'X. 

M.D.lat.= 104-9 8. 

12. 

14 14 N. 

30 14 X. 

... = 1041-7 X. 

13. 

34 10 X. 

80 30 X. 

= 1081-5 8. 

14. 

2 S S. 

3 10 X. 

... = 318-1 X. 

15. 

4 5X. 

4 5 8. 

... = 490-4 8. 

lb. 

0 0 

2 15 X. 

= 105-1 X. 


Rule (f). 

To find the middle latititdcy having given the latitude from 
and latitude in. 

The names being supposed to be aZ/Ar<?, that is, both uortli 
or both south. 

Add together the two latitudes, and take half the sum; 
the result is the middle latitude. 

AVhen tlie names are unlike, the mid. lat. (which is seldom 
required but for obtaining tlie departur(^) should be found 
b}' means of a table ; but in this ease it may perhaps be ns 
well to avoid the use of the middle latitude in any t>f the 
common problems in navigation. 


EXAMrLL-i. 

17. Kind the middle latitude, having given latitude from 
3" 12' X., and latitude in 13° 52' X. 

lat. from 3°12'X. 
lat. in 13 .52 X. 

2) 17 31 

mid. lat. 8 47 X. 

Find the middle latitude in each of the following 
examples : 

Lat. fmm. Lat. In. Anawen. 

IH. 3S=12’X. 30‘'30 X. mid. lat. 31°. 30' N. 

19. C2 17S. 02 30S. ... 02 231 S. 



H VRELIMINAllY RULES IN NAVIGATION. 

Jiule (J). 

To find the difference of longitude^ having given the longi- 
tude from and longitude in. 

(1.) When th(! longitude from and longitude in have like 
names ; that is, are b<»th cast or both west. 

Under longitude from put longitude in, take the diflercnce, 
and reduce the same to minutes; place E. or W. against the 
remainder according as the longitude in is east or west of 
longitude from ; the remainder will be the difference of 
longitude. 

(2.) When the longitude from and longitude in have 
unlike names, that is, one east and the other west. 

Take the sum of the two longitudes, reduce it to minutes, 
and attacdi K. or \V. thereto according as the longitude in is 
east or west of the longitude from ; the result is the true 
difforeruH^ of longitude. 

Notk.-- If Mu' (lii'fcM iMiop of loiigitinle found by rule exceed 180“. 
it muht be Hul.::-uctod from 3G0 . uiid tlu- reiimiiider brought into uiiiiutof* 
inuMt be cunsi<iurod the difVurenoo of longitude, with the contrary letter 
attached to it. 

EXAMri.r.s. 

20. Find the difference of longitude, having given the 
longitude from = 110- 12 W., and longitude in 100^42' W. 

long, from 110^ 42 W. 
long, in 100 42 W. 

10 0 
00 

diff. long. OtH) E. 

21. Find the diifenmce of longitude, having given long, 
from 12® 10 E., and long, in 2® 45' W. 

long, from 12® 10' E. 
long, in 2 45 W. 

14 55 

m 


diff. long. 895 W. 
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Find the difference of longitude in each of tlie following 


examples : 



lA>np. flpom. 

Lon;;, in. 

Annwors. 

22. 33°40'E. 

K)° 10 E. 

EilV. king. 300 E. 

23. 101 OW. 

110 SOW. 

3!K)W 

21. 2 45W. 

3 30 E. 

37r>E. 

25. 0 0 

4 low. 

250 W 

20. 3 low. 

3 10 E. 

3S0 E. 

27. 170 OE. 

17!) 0 W. 

liule (<■•). 

120 E. 


To find the latHude in, having given the latitude from and 
true difference of latitiuh‘. 

(1.) AV hen the latitude from and true difference of latitude 
have like names. 

To th(! latitude from, aJd the true diffi'renee of latitude 
(turned into degrt'es and minutes, if neeessarv) ; the sum 
will 1)0 the latitude in, of tlu* suim‘ name as tlie latitude irom. 

(2.) When tlie latit ude fnun and true difference of latitude 
have unlike names. 

ruder tlie latitude from put the true difference of latitude 
(in degrees and minutes, if neeessarv) : take the less from 
tlie greater; the, remainder, marked with the name of tho 
greater, is the latitude in. 

KXAMI‘LI..S. 

2S. Find the latitude in, having given the latitude from 
42' 30' X., and true difference of latitude 312' X. 

42' 30'\. 

5 42 X. T.l). lat. f) 12 X. 

hit. in 4H 12 X. 

20. Find the latitude in, having given the latitude from 
2' 40' S., and true difference latitude 342' N. 

60) 342' X. lat. from 2'= 40'S. 

42 X. T. D. la t. 5 42 X. 

lat. in 3 2 X. 

B d 
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Find the latitude in, in each of the following examples : 



Lat from. 

T. D.lat. 

Answers. 

30. 

30°10'A'. 

182' N. 

Lat. in 33^2' X. 

31. 

3 2S. 

100 X. 

... 0 8 X. 

32. 

2 4S S. 

308 X. 

3 20 X. 

33. 

2 4S S. 

2S8 X. 

2 OX. 

3d. 

•t 4H X. 

28S S. 

0 0 

35. 

0 10 X. 

228 X. 

... 3 5SX. 



Huh (/). 



To find iltc longitude in, having given tlio longitude from 
and the (lifTerenoe of longitude. 

(1.) When the longitude from and difl*. long, have ZiXre 


namea. 

To the long, from, add diff. long, (turned into degrees if 
neccHsarj’) ; tlu‘ sum will he long, in, of tlic same name as 
long. from. 

(2.) When the long, from and dilf. long, have rinlikc names. 

Under long, from, put ditf. long, (in degrees and minutes, 
if necessary) ; take tlu’ loss from the greater : the remainder, 
marked with tlie name of the greater, is the long. in. 

Note. — If tin* long, in, foumloH above, exceed Hubtnu t it from 

anvl attach to the ivnuiiiulcr the coutrary na\neto Un* one directed 
iu the liulc. 

EXA.Mrr.is. 

IlG. Find the long, in, having given long, from ii'' 12’ W., 
and ditf. long. IlSl o'AV. 

C)0)MK1’5 long, from 12' W. 

G-2 io ditf. long.* ii 21-5 AU. 

long, ill do G-5 W. 

Find the longitude in, in each of the following examples ; 



Lon«. fri>m. 

niff. 

Answers. 

37. 

G2^32'E. 

1000-5' AV. 

long, in 45^51'5’E. 

38. 

2 30 E. 

12G G E. 

.". 4 30 G E. 

39. 

3 dO W. 

220-0 E. 

0 0 

40. 

0 0 

lOO-d AV. 

1 40 4 

dl 

179 59 AV. 

2-0 AA". 

... 170 090 E. 
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THE COMPASS A\l) LOG-LINE. 


The OonipatJri card is represented above; eaeh quadrant is 
diviiled into equal parts, called points; eacli point 

tlierelbre conlaiiis The names of the joints are 

formed as follows : 

Middle point between >•'. and E. is formed by puttinpj these 

letters together, thus N.E. 

Middle point b^'tween X- and X".E. is formed thus X.N.E. 
^Eddle point between E. and X.E. is formed thus E.N. K. 
One point fi-om X. towards E. is X. by E. or . . X.b.E. 

E. ... X. isE. byX. or . . E.b.X. 

X.E. ... X. is X.E. by X. or X.E.b.N. 

X.E. ... E. is X.E. by E. or X.E.b.E. 

The points of the compass are frequently referred to with 
respect to their position to the right or left of the cardinal 
point towards which the spectator is looking; thus, X.E. is 
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said to be 4 points to the right of N ; E.b.N. is 7 points to 
the right of north. Each point, moreover, is subdivided into 
quarter points, and named from the adjacent points ; thus, 
2'^ points to the right of iiortli is N.N.E. ^E. ; 7| points to 
the right of north is E.b.N. iE. or E.;JX. 

The otlicr three quadraiits are divided and referred to in a 
similar manner. 

Aitacrhed to Die (*()mpjiK.s, and coinciding with the line 
N. S., is a magnetic iinr of steel, by means of which the card, 
when balanced on a line point near its centre, will indicate 
the compass b(‘aring or direction of any object beyond it. 

Thus, the com|)ass lieing plact'd near the lielin.the bearing 
of the shi})’s head is sinm at once, and the direction in which 
the ship is steered is readily noted. 

The Jjoy-line. 

Tlie log is a flat piece of thin wood of a qnadrautal form, 
loaded in tlu* eirciilar sidi'witii lead suflicient to make it 
svNim npriglit in Du* wattT; to this is fastened a line about 
150 fathoms long, called the /ey-//wc, \\liii*h is divided into 
certain spaces calh'd knot*: ; the length of each knot is sup- 
posed to In* the same jiart of a nautical mile (0120 ft'et) that 

0120 

half a minute is of an hour, lunce 1 knot = 'prj" ^''^l 

If, tluTcfoiv, 1 kimt runs out in half a minute (shown bv a 
half-minute glass), tlie rate of tin* shi|) is sujqiosed to be 
1 mile an iiour; if 2 knots, tlie niU* is 2 miles an hour, and 
so on. Tin* length of the knot is very nin'ly so much as 51 
fiH't, and the liour-glass used is iu)t always a half-minute 
glass; various inodilieatiuns of the two instruments arc 
made, to rendt'r this method of measuring the ship’s way 
tolenibly eorreei ; these will be mure clearly seen in the use 
of the instruments themselves. 

Correcting Courses. 

Three com'ctiuns are sometimes nwessary to bo applied 
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to the course steered by compass, to reduce it to the true 
course ; and the converse. These are called ; 

(1.) Tlie variation of the compass. 

(2.) The deviation of the compass. 

(8.) The leeway. 

(1.) The Variation of the Comjpaga. 

The map^nctic needle seldom points to tlu‘ true north. 
Its deflection to the oiust or west of the true north is called 
the variation of the compass: it is diflt'rent in diflenmt 
places, and it is also sul»ject to a slow chaiiL^' in the same 
place, fl'lie variation of the compass is ascertained at si‘a by 
ohs(‘rvini' the magnetic hearing of tlu' sun when in thi‘ 
horizon, or at a given altitude above it. From this observji- 
tion the true bearing is found by rules givtm in nautical 
astronomy. Tlu* ditference beiwet*n tht* trm* bearing and 
the observ(*d bearing by compass dett;rmines this eorreetion. 

The method of correcting the eourst* for variation will be 
more r(*adily understood by means of an I'xamph*. 

tSu])pose tlu^ variation of tlie compass is found to be 
2 points to the ta.st, that is. the needle is directed 2 points 
to the right (»f the north point of the heavens; then the 
N.N.W. point of the compass card will i*vidently point to 
the true north, and every other point on the card will be 
shiftt'd rouml 2 points. If, therefore, a ship is sailing by 
compass W., or, as it is expressed, the ci)mj)ass course 

is X.X.AV., her triie course will be north ; that is, 2 points 
to the riyht of the comjiass course. Jn a similar manner it 
may be .shown that, when the variation is 2 points westerlv, 
the true coursi* will be 2 points to the lejl of compass course. 
Hence this rule : 

JiuU (y). 

To find the true course, the compass course being given. 

F^istcrly variation allow to the riglit. 

Westerly ... ... left. 
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Prom the preceding contiidcrations it will be easy to 
deduce the converse rule, namely : 

Mule (Ji). 

To find the compata course^ the true course beiii" given, 
liasterly variation allow to the left. 

AV’’estorly ... ... right. 

i:x.\Mi’Li:s TO Ill-LES (//) AND (A). 

42. Find the true voursc, having given the compass course 
X.W.iW. and variation 31 west. 

pt'j. qrs. 

Conijiass course . I 2 left of N. 

variation ... 3 1 left.* 

tnie course ..73 left of X. =AV. JX. 

43. Find tlie compass course, having given the true course 
W.^IN. and variation 3.| W. 

pts. <|rH. 

True coursi' ..73 left of N. 

variation ... 3 1 riglil. 

coinpa.s8 course . 1 2 left of X. = X.A\". iW. 


Find the true course in each of the following e-\ainples: 



t'nnipasH fonrm*. 

Vnr. 

.\nHwerh. 

J t. 

X.X.E. 

21AV\ 

X.’AV. 

15. 

X.AV. 

UK 

X.X.AV.IAV. 

•10. 

s.\v.;\v. 

1 • E. 

AV.S.AV.tAV. 

•17. 

s. 

2\V. 

S..S.E. 

•IS. 

AV. 

2,E. 

X.W.b.AV.nV. 

Find 

the compass course in each 

of the following 

exainplcf 

i : 

Tn>o cotu'si’. 

Vrti. 

Answor.s. 

49. 

X.X.E. AE. 

]W. 

X.X.E.^E. 

50. 

X. 

KE. 

X.b.AV.iAV. 

51. 

S.S.AV. 

2AV. 

«. \V. 

52, 

«.AV. 

0 

S.AV. 

53. 

X.b.AV.lAV. 

UAV. 

X. 


* When names arc alike, (that is, both loft or both right, 1 atU : when 
unlike, tvtUraJ, marking i*emaimler with the name of the greater. 
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(2.) Deviation qf the Comptus. 

Tliis correef ion of tlie compass arises from the cftoct of the 
iron on board ship on the magnetic needle, in defli'cting it 
to tlic right or loft of the magnetic meridian. The iuorensod 
tjuantity of iron used in ships, especially in steamers, has 
caused this correction to be attended to now mori' tlian 
formerly, as its oirects and magnitude have become more 
perceptible. The amount of the deviation arising from this 
local cause varii's as the mass of iron changes its position 
with rcspt'ci to the compass. When a fore and aft line 
coincides witli tl»o din'ction of tlu* magnetic mi‘ridian, tlie 
iron in tlie ship may be supposed to be nearly equally di.s- 
tributed on both sides of the needle, and its elVoct in deilect- 
ing the needle may be inappreciable. In other posilioirs of 
the ship with rc‘spcct to the magnetic meridian, the iron may 
])rodnce a sensible deflection of the needle ; and this deflec- 
tion or deviation will in general be tho greatest when tin* 
ship’s head jmints to the cast or west. 

Various methotls are used to determine this correction. 
The one usually adopted is to place a compass on shore, 
where it may bo beyond the influence' of the iron of the 
ship, or any other local distiirhiiig force', and to take the* 
bearing of the ship’s eompas.s, or some' object in the' same 
directi(»u therewith ; at tlu' same time, tlie observer on heiard 
takes the bewaring of the shore eemipass; them, if ISO^ be 
added to tlu' bearing at the shore eomjiass, so us to bring it 
round to the opposite point, tlu* difference hetwe'en the 
result and the bearing at shiji’s compass will be the amount 
of the deviati(»ii of the compass for that jiositioii of tho 
ship. Thus, suppose the following hearings are taken when 
the direction of the ship’s head is N. 


Slj'-n' (n'ndin^' i.fr, 

s. 17- w. 

IsU 

S. 1!>7 W. 
or X. 17 E. 


(rciulini; off;. 

>*. 20° E. 

X. l^E. 
Dev. 8 E. 
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From this it appears the deviation, when the ship’s head is 
north, is 3° easterly. The ship is then swung’ round one or 
two points, and a similar observation made ; and thus the 
local deviation found for a second position of the ship. This 
being repeated for (‘very point or two points of the compass, 
the deviation is thus known for all positions of the ship. A. 
table, similar to the one below, is then fonned, and the 
courses corrected for this deviation by the following rules ; 
w'hich r(‘8einl)le those already given for correcting for 
variation. 


IkrUitiou of ( 'oiUf>a/<8 <>/ ILM.S. , fur tjiven of ihe 

S/iip.'i Haul. 


IMmotioii of 

llw'lHtilill of 


iMrection of 


leviatioii of 

Nhi|i'H hfiid. 



xlii|i ft heuil. 


colDpiiah. 


nearly 



nearly 

N. 

E. u ' .} 

I't. 

S. 

W'. 

IE 0' or j })t. 

N.h.K. 

!■:. 4 ■>: oi- \ 


.S.b.W. 

W. 

4 20 or A „ 

N.N.K. 

Iv T “t’ .] 

„ 

s.s.w. 

w. 

.’) (> or „ 

N.K.h.N. 

E. 1» (» nr 

,, 

S. W. 

w. 

») 7 or 4 ,, 

N. K. 

E. 10 0 or 


•s. \\‘. 

V\'. 

7 0 or 4 

N.Rh. K. 

i: 10 .V. oi l 


.S. W. h. \v. 

w. 

7 27 i>r 4 .. 

K. N. i:. 

E. 10 40 or 1 


w.s, w. 

W'. 

7 r*0 or J „ 

Kli.N. 

E. 0 <.r ’ 


W.b.S. 

w. 

8 20 (*r ij „ 

i:. 

E. S .Ml or * 


w. 

w. 

h fiO or il „ 

Rh.S, 

K. 7 1 or A 


W.b.X. 

AV. 

^ 10 or 3 „ 

K.S. K. 

E. a.*i or j 


W.N.W. 

AV. 

C .^»0 or ~ „ 

S.K.I.. E. 

E. 40 or .1 


N W.b.W. 

A\'. 

6 4o or 4 

S. E. 

E. 1 .'io or J 


N \V, 

A\'. 

4 .^(1 or 4 

S.E.b.S. 

E. 0 ’JO or 0 


N.W.b.N. 

AV. 

.*’• 20 or 4 ,, 

S.S. E. 

W. 0 .M> or 0 


N. .\. W. 

W. 

1 40 or 0 „ 

S.l>.K. 

W. 2 JO oj \ 


x\.b. W. 

i:. 

1 lO or 0 „ 


To Jind the true course^ having given the compass course 
aiul the deviation. 

Easterly deviation allow to the right. 

IVesttTly ... ... left. 


E.\AMrLB». 

54. Correct the compass course W.b.S. for deviation f W. 
(liuown from table, above). 



THE COMPASS AND LOO -LINE. 


17 


pt<t. qn. 

Compass course ..70 right of S. 
deviation . . . .03 left, 

true course ... 0 1 right of S. 

or AV.S.W.IW. 

55. Correct the compass course N.AV. lAV. for deviation 
.\W. (from deviation table, p. 10), and al&o for variation or 
compass 3| AV. 

qrn. 

Compass course . .1 2 1. X. 

deviation . .021. 

variation . .311. 

3 3 1. 

true course . . . S I 1. X. 

10 

or true course. ..73 r. S. =:AV. ]S. 

Find the true course in each of the follow iiu: examplt*s, by 
correcting for deviation from table, p. 1(5, ami for variatioji : 


5(5. 

('oiujiass r«turs«‘, 

X.X.F. 

V«r. 

21 AV 

A imwcm. 

X..‘F. 

57. 

X.W. 

1 i: 

X N.W.JAV. 

58. 

s.w.nv. 

liF. 

S.W.b.AV.iW. 

5S1. 

8. 

2W. 

S.S. KIK 

(50. 

AV. 

2.iE. 

AV.X.W.IW. 

(51. 

VV.3X 

1 i \K 

VV.S.W.iW. 

To find the compasa 

countCf having given the true course 

and deviation. 

Easterly deviation allow 
AVesterly 

to the left, 
right. 


Notk. — The true course should first be corrected for variation pf any) 
by Rule {h), < which is similar to the aUiVc), so as to get a compass course 
nearly, and then this course for deviation, from table, p. 10. 
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EXAMPLES. 

62, Hcquircd the compass course, the true course being 
W.S.W.IW., variation 0, and deviation (see table.) 

pin. qrs. 

True course . .6 1 r. S. 

deviation . . .0 8 r. 

compass course .7 Or. S., or W.b.S. 

63. lle((uired tlic compass course, tlie true course being 
S.W., variation of compass 2ili, and deviation as in table, 

p. 16. 

pts, qrs. 

Tnie course . . . .4 0 r. S. 

variation 2 11. 

compass course nearly . 1 8 r. S., or S.b. W. 

deviation 0 2 r. 

compass course ... 2 1 r. S. = S.S. W. I W. 

Koquired tlie compass course in eacli of the following 
examples (for deviation, see table, p. 16) : 



True course. 

Var. 

Answers, 

61. 

N.iK. 

21 AV. 

N.N.E. 

65. 

iV.N.AV.JW. 

HE. 

N.AV. 

66. 

hi.AV.b.AV.nV. 

1\E. 

s. av.;av 

67. 

S.8.E.1E. 

2AV. 

s. 

6S. 

AV.N.AV.iW. 

2 \ E. 

AV. 

66. 

AV.S.AV..iW. 

1^A\^ 

A\^.l\. 


(3.) Leeicay. 

This correction is the angle which the ship’s track makes 
with the direction of a fore and aft line : it arises from the 
action of the wind on the sails, &c. not only impelling the 
ship fonvards, but pressing against it sideways, so as to 
cause the actual course made to be to leeward of the apparent 
course, as showTi by the fore and aft line. The amount of 
leeway dilfers in ditferent ships, depending on their con- 
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struction, on tlie sails set, the velocity forwards, and other 
circumstances. Experience and observation, therefore, 
usually determine the amount of leeway to be allowed. 

Hide (1), 

The method of correcting for leeway will be best seen by 
the following example : 

Suppose the apparent course is S.S.W. iW., and leeway 
2 points, the wind being S.E., re- 
quired the correct course. | 

Draw two lines at right angles to i 

each other towards the cardinal 

points of compass, and a line, as 

c ff, to represent (roughly) the 

courac of the ship, and another V ; 

to represent the direction of the 

wind (as the arrow in fig.) ; then it “ 

will be seen that the corrected 

course, as c t, will be to the rif/hi of the ap])arent course ; the 
observer behuf ahvai/s supposed to he at the centre^ c, and 
lookinj towards the cardinal point from whence the course is 
measured ; hence 

ijrs. 

Apj)arent course . .2 2 r. S. 

leeway 2 Or. 

corrcctetl cuurM; ..12 r. S. = S.AV. W. 

KX.V.MI'LIIS. 

Correct the following courses for leeway, so as to find the 
true courses : 


Appari’nt c-iirsc. 

Wiiul. 

L<*cwHy. 

Aww.ru. 

70. X.N.E. 

M.x.Ar. 

1 • 

K.E..iN. 

71. A.AV. 

X.X.E. 

o 

■W.N.W. 

72. E.JS.E. 

s. 

*> J 

E.5-V. 

73. E. 

X.b.E. 

4 

E.JS. 


Correct the following compass courses for deviation, varia- 
tion, and leeway, so as to find the true courses. The 
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deviation is found in table, p. 16, and the variation of 
compass is supposed to be in each example 2^ W. 


Coume. 

Wind. Leeway. Answers. 

74. N.w.nv. 

w.s.w. 

2* N.AV.nV. 

75. S.E.^E. 

E.N.E. 

21 S.E.IE. 

70. W.IS. 

s.s.w. 

2 W.S.W.IW. 

77. N.nv. 

W.b.N. 

li N.b.W.^aW. 

These examples may be worked 

out in the followinj 

manner : 

qrs. 

pts. 

Ex. 71. Com|)a.‘<M 

course* . . 4 

1 1. N. 

d(;viution 

. . 021 . 


variation 

O O 1 

0 1. 


7 1 l.\. 

2 2 r. 

4 1. N. = N.W.nV. 


tru(‘ cuiirs*' 


KULRS ]N NAVIGATION. 


Jiulv 1. 

To Jind the course and distance from one place to another^ 
having; j^iveii the latitudes and longitudes of the two places. 

(1.) Find true ditVerenee of latitude, meridional difierence 
of latitude, ami dilVeixniee of longituiie : reduce the true 
diflereiiee of latitude and difierence of longitude to minutes, 
attaching theri'to the proper letters. Kules (a), (A), {d), 

(2.) To fnd the cou rse. From the log difference of longi- 
tude (increased by 10), subtract the log. mer. difl'. latitude ; 
the remainder is the log. tan. course, which find in the 
tables, and place bt'fore it the letter of the true difference 
latitude, and after it the letter of the difference longitude, 
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to indicate the direction of course. At the same openinji; of 
the tables, take out the log. secant course. 

(3.) To find distance. Add together log. secant course, 
and log. true difference latitude; the sum (rejecting U) in 
the index) will be the log. distance, which find in the 
tables. 

EXAMPLES. 

78. -Required the course and distance from A to B. 
lat. A 45° 15' N. long. A 35° 20' W. 

lat. B 47 10 N. m.p. long. B 32 15 W. 
lat. A 45°15'N. 3051*2 N. ^ long. A 35° 215' W. 

lat. B 47 IP X. 3217 4 N. long. B 32 15 W. 

1 55 M.D.lat. U5G2X. 3 11 

60 60 

T.D. lat. 115 X. diff. long. U)1 K. 

log. diff. long. 4- 10, 12 2S1033 
log. M.D.lat. . . . 2*22(H>31 

log. tan. cour.se, , l0 06tH02 . . . log. sec. course 0182767 
course X, 4S° 58' E. log. T.D. lat. . 2060608 

log. dist. . . . 2 •243465 
distance 175' 

Bequired Jilso the compass course in the ab(>ve example: 
var. of compass being 2 j»oints AV, and deviation on account 
of local attraction, as in table (p. 16). See Kule {k). 

True course . . . 48°5S'r. X. 

ptji. qrB. 

or 4 1 r. X.* 

variation 2 0 r. 

compass course nearly 6 1 r. X. — E.N.E. IE. 

deviation . . . .1 0 1. 

compass course . 5 1 r. X". = X.E.b.E.^E. 

ExampU‘8 in Navigation are usually worked without 
attaching to each logarithm taken out its name or designa- 
tion, as in the following example : 

• Degrees are converted into points, or the converse, by moans of 
the table for that purpose in tbc nautical tables. 



22 


EULE3 IN NAVIGATION’. 


Bequired the course and distance from A to B. 
Lat. A 5P 31' N. Long. A 0° (V W. 

B 54 33 N. M.p. B 3 5 E. 

6P31'N. 3018 0^ C'W. 

54 33 N. 3021 3 5 E. 


3 2 M.I).lat.303 3 11 

(K) CO 

Diff. lat. 1S2 N. LifT. long. 191 E. 

12-28] 033 
2-4SU43 


9-790590 0072(i50 

X . 32^ 1 3' 30" E. 2 2(K)07] 

Course. 2332721 

2151 dist. 

Ttoquirod tlio course and distance from A to B in each of 
the following examples, bv Buie 1, or Mercator’s method: 



Lftt. from nni\ 

1 . 011 ):. from nnd 


,\nswprR. 


Ut. In. 


loiiK- ill. 


(’oonn* and distance. 

79. 

iut. A 49^ 52 

S. 

long. A 17^22' 

W. 

course X. 26“ 36' E. 


„ B 42 13 

s. 

„ B 11 f>u 

w. 

dist. 513’3 mileR. 

80. 

lat A 49 10 

N. 

long. A 29 17 

W. 

ci)ur.«c X. 37" 48' AA’ 


B 50 45 

X. 

„ B 39 5 

AV. 

dist 576 inilea. 

01. 

lat A 50 48 

N. 

long. A 1 10 

E. 

c.»um' X, 41" 65' AV. 


„ B 52 35 

N. 

B 1 25 

W. 

dist. 143-8 miles. 

82. 

lat A 58 24 

N. 

long. A 4 12 

AV. 

Course X. 32" 34' E. 


„ B C3 17 

X. 

„ B 2 13 

E. 

djfjt. 347-6 miles. 

83. 

lat. A 2 87 

X. 

Jong. Alio 42 

AV. 

course S. 75“ ll'AV. 


o 

o 


,. B120 36 

A\’. 

di.st. 614 miles. 

84. 

lat A 3 30 

X. 

long. A 33 40 

E. 

course S. 42*31' E. 


„ B 4 10 

s. 

B 40 42 

E. 

dist. 024 miles. 


Bequired also the compass course.^ in examples 82, 83, 
and 84, the variation of compass being 2 points E., and 
deviation as in table, p. 10. Sec Buie (k). 


ASSWERS, 

82. compass course JV. ^E. nearly, 

83 S.W.b.W.iV. nearly. 

84 E.S.E.iE. 
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To Jiml the latitude and longitude in, having given the 
Course and Distance. 

Buie 2. 

(1). To fnd latitude in. Add together log. eos. course*' 
and log. distance, the sum (rejecting 10 in the index) will 
be log. true difference latitude, which find in the tabh's; 
reduce to degrees and minutes, and place the letter N. or S. 
against it, according as course is northward or southward. 

(2.) Apply true difference latitude to latitude from, so as 
to get the latitude in. (llule c.) 

(3.) To find longitude, in. Take out tluMueridional parts 
for the two latitudes, and get IM. 1). Lat. (Rule h.) 

(4.) Add together log. tiuigent course and log. meriilional 
difference latitude; the sum (rt'jecting 10 in the index) will 
be the log, difference longitude, which find in the ta))le.s ; 
reduce to degrees and minutes, and place the letter K. or W. 
against it, according as the course is eastward or westward. 

(5.) Apply difference longit ude to longitude from, so as 
to get longitude in. (Rule f.) 


EXAMPLES. 

85. Sailed from A, N. 37' 10' R., I72 (i miles ; reijuired 
the latitude and longitude in. 


lat. A 27=^2t>N. 
log. cos. course 0-901394 
log. dist.. . . 2 (w4194 
log.T.l). lat. . 2-575HSS 
T.D. lat. 37G-G' 
orG^lT'N. M.p. 

lat. from 27 20 N. . . . 170G X. 


long. A 25' 12'!':. 
log. tan. course 9.879740 
log. M.l). lat. 2 011474 
log. diff. long. 2*521211 
(lift', long. 332-1' 

or 5''32'E. 
long, from 25 12 E. 
long, in 30 41 E. 


lat. in 33 87 N. . . . 2m X. 

M.D. lat. 43S 


* Take out, at same opoaiug of tables, log. ton, coui-ho and place it a 
little to the right. 
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A sliip in latitude 27° O' S. and longitude 123° W. sailed 
S. 8 .E 4 E., 150 miles : r(‘quired the latitude and longitude in. 


S.S.E.?iE. = 2h°7'30'' 
90151.30 
2170(K)1 

2121521 

0,0 )13,2-3 

Biff, lat 2°12'1S"S. 

Lat. from ... 27 0 O S. 
Lat in .... 20 12 18 S. 


9-727057 
2 170091 

1 -901048 
80M 

M.p. 1°20' 0"E. 
1083 S. 123 0 0 W. 
1833 S. 121 39 54 W. 
150 Long. in. 


Il<»quired tlie latitude and longitude in, by Kule 2, or 
Mercator’s method, in each (►f the following examples, having 
sailed from A as follows : 


(’ournoniid (list. .Vnswors. 



fnuu A. 

I.At. A. 

I/>nt;. A. 


ill. 

l^itig. In. 

m. 

N. 1 :. fU.'V.V 

40 .V2 S 

17 W. 

4*^’ 10 

' S. 

11 ’ .VC w. 

87. 

8 4K AM W. 17.V.* 

47 10 N. 

a .* 1.'. W. 

4.5 ir. 

N. 

.^5 20 W. 

88. 

N.WloK n7:»i 

.V2 10 N. 

17 IVJt W. 

57 .‘V! 

N. 

12 15 \V. 


N..'u 4 w. ;UMS 

r»7 40 N. 

i-j u: w. 

0‘> l.H 

N. 

17 45 W. 

no. 

S. .-^7 7 1 ;. .■»7«NI 

70 14 S. 

2.5 .'Wt 1 ;. 

75 n 

S. 

.38 6 K. 

91. 

N.47 47 K. 27'2 4 

no 15 s. 

15 10 1 ;. 

47 l‘J 

S. 

20 ItJ K. 


To find the course and distance bif Middle Latitude method. 

Hide 3. 

(1.) Find the true difforenee latitude, middle latitude, 
and difference longitude (a), (e), {d). 

(2.) To find the course. Add together log. cos. mid. lat. 
and log. diff. long., and from the sum subtract log. true 
difference latitude; the remainder is the log. tan. course, 
which find in the tables, and mark it with the same letters 
as the true difference latitude and difference longitude. 
From the same opening take out the log. secant of course. 

(3.) To fnd distance. To the log. secant course just 
found, add the log. true difference latitude ; the sum 
(rejecting 10 in index) will be the log. distance. 
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EXAMPLES. 

92. Eequired the course and distance from A to B, by 
middle latitude method. 

lat. A 50° 25' N. long. A 27° 15' W, 

lat. B 47 12 N. long. B 30 20 W. 

lat. A . . 50° 25' N 50° 25' N. long. A 27° 15' W. 

lat. B . . 47 12 K 47 12 N. long. B 30 20 


3 13 2 )97 37 3 5 

CO mid. lat. 48 48 

T. D. lat. 193 S. diff. long. 1S5 W. 

log. cos. mid. lat. 9*818681 log. sec. course () 072849 

log. diff. long. . . 2*267172 log. T. D. lat. . 2 2S.1.557 

12*085853 log. dist 2‘35S106 

log. T.D. lat. . . 2 285557 diet. 228*2' 


log. tan. course . 9*800296 course S. 32° 16' W. 

Bequired the course and distance from A to B in each of 
the following examples, by middle latitude method : 

I.At. frnm and Lon;;, tmm and AiiAwnrH. 

lat. in. lonf;. in. ( onnio and dlst. 

93. lat. A 49° 52' S. long. A 17° 22' W. N. 26° 40' E. 

lat. B 42 13 S. long. B 11 50 W. 513 (i 

94. lat. A 21 15 S. long. A 0 30 S. 14°37'E. 

lat. B 30 27 «. long. B 2 10 E. 570 5 

95. lat. A CO 15 8. long. A 14 55 E. S. 32° 50' E. 

lat. B 65 36 S. long. 11 22 30 E. 382 

Middle Latitude method, 
liule IV. 

To find the latitude and longitude in, having given the 
course from a given place, and distance. 

(!•) To find latitude in. Add together log. cos. course* 
and log. distance; the siun (rejecting 10 in the index) is 


Take out at the same time log. liu. course. 
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the log. true difference latitude, which find from tables, 
and mark N. or S. according as the course is northward or 
southward. 

Apply true difference latitude (turned into degrees and 
minutes, if necessary) to the latitude from, and thus get 
latitude in. (Rule c.) Find the middle latitude. (Rule c.) 

2. To find longitude in. Add together log. sin. course, 
log. distance, and log. s(‘cant middle latitude ; the sum 
(rejecting 20 in the index) is the log. difference longitude, 
w'hich find in tables, and mark E. or AV. according as the 
course is eastward or westward. Apply the difference longi- 
tude (in degree's and minutes) to the longitude from, and 
thus get longitude in. (Rule /.) 


EXAMPLE. 

00. Sailed from A, S. OT^IO'W., 472*0 miles; required 


the latitude in and longitude i 
lat. A 27‘" 20' S. 


log, cos. course 

. 9*901394 

log. dist 

. 2*07 wot 

log. T.D. lat. . 

. 2*575888 

T. D. lat. 370 0' 

or 

0°17'S. 

lat. from 

27 20 S. 

lat in . . 

33 37 S. 


2)00 57 
mid. lat. 30 28 


(by middle lat. method). 

long. A 25" 12' W. 
log. sin. course. . 9*781 131: 

log. dist 2*074191: 

log. sec. mid. lat. 0*004531 
log. diff. long. . . 2*520159 
ditf. long. 331*3' 
or 5 31'AV. 
long, from 25 12 W. 
long. in. . 30 43 W. 


Required the latitude and longitude in, by middle latitude 
method, in each of the following examples, having sailed 
from A as follows : 



CooTM and dist. 



Ansven. 


(h>in A. 

Lst A. 

Long. A. 

Lst. in. 

Long. in. 

97. 

N. «6»4ir W. W'S" 

64«10'N. 

40“16'W. 

70“ 86' N. 

48Pir W. 

98. 

8. 48 fiS W, 17.Va 

47 10 N. 

32 15 W. 

45 15 N. 

35 20 W. 

99. 

N. 34 48 W. 383 7 

50 33 N. 

3 40 £. 

56 40 

2 24 W. 
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^Parallel Sailing. 

In parallel sailing the ship is supposed to be kept on n 
parallel of latitude, as TS, fig. p. 3. The course will 
evidently be due east or due west, and the distance between 
two places as T and S, will be the are TS between the two 
meridians passing through the places. 

Pith' V. 

To find the course and dUtancfy having given the latitude 
of the two places, and their longitudes. 

(1.) Find the diflerence longitude. 

(2.) The course is evidently due cast or due west, 
at'cording as the longitude in is to the east or west of 
longitude from. 

(3.) To find the distance. Add together log. cos. latitude 
and log. dilferenco longitude; the sum (rejecting 10 in 
index) is the log distance, which find in the table. 

KXAMi’LE.S. 

100. Required the course and distance from A to B. 

long. A 3^ 50' E. 
long. B 0 10 W. 
dist. = difi'. long. . cos. lat. 
log. cos. lat. . . . 9 239G70 
log. difi*. long. . . 2*778151 

log. dist 2 017821 

dist. 104*2' 

. the course is west. 

Required the compass course and distance from A to B. 

lat. A . . 50'^48'N. long. A . . 100® O'B. 

lat. B . . 50 48 N. long. B . . 101 0 E. 


lat. A SO^X. 
lat. B 80 X. 

long, from .... 3^ 50' E. 
long, in G 10 W. 

10 0 
GO 

goITw. 
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Variation of the compass two points E, and deviation as 
in table, p. IG. 

long. A . . 100° E. 9-800737 

long. B . . 101 E. 1-778151 

1 1-578888 

60 

GO E. 37-9 = distance. 

pU. qn. 

True courst' 8 0 r of N. 

Variation 2 0 1 

Compass course nearly G 0 r of N = E.N.E. 

Deviation 1 0 1 

Compass course .... 5 0 r of N. 
or N.E. by E. 

Boquired the true course and distance from A to B, in 
each of the following examples : 



I.at. A niul a. 

I.onfr. A. 

I^ong. n. 

Annw«r». 
Coum and dint. 

101. 

70"10'S. 

16U0'E. 

22“15'E. 

East 144-2' 

102. 

60 48 N. 

5 OlV. 

5 0 E. 

East 379-2 

103. 

60 10 N. 

40 25 W. 

60 10 W. 

West 374-7 

104. 

48 10 N. 

100 0 IV. 

110 0 W. 

West 400*2 

105. 

7r» 13 N. 

1.5 20 E. 

0 0 E, 

West 234-7 

106. 

80 15 N. 

179 0 E. 

170 0 W." 

East 60*8 


Parallel Sailing. 

Pule \J. 

To Jini the lonffifmle in, having given the course and 
distance, and latitude and longitude from. 

Add together log. sec. lat. and log. distance, the sum 
(rejecting 10 in the index) will bo the log. difference longi- 
tude. Find the natural number thereof, and turn it into 

* In this example it is evident we must modify the general rule ; 
for the di£ long, is never considered to be greater than 180". When, 
therefore, the above rule gives the diff. long, greater thai\ 180", subtract 
it from 860*, and apply thereto a contrary letter to the one directed 
by the rule ; the result will be the diff. long, to bo used. 
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degrees, and mark it E. or W. according as tbo course is E. 
or W. Apply difference longitude to longitude from, and 
thus find longitude in. (Rule /.) 

The latitude in is the same as the latitude from. 

EXAMPLE. 

107. Sailed from A due east 1000 miles, required the 
latitude and longitude in. 

lat. A d2° 10' S. long. A. 28° 42' W. 

diff. long. = dist. . sec. lat. 

log. see. lat 0 072;i72 

log. (list .‘l (XXXHK) 

log. difl’. long ;1072372 

diff. long. 1181', or 10°41'E. 

long, from 28 42 W. 

.*. long, in 0 1 W. 

and latitude in = lat. from = 32° 10' S. 

Required the latitude and longitude in, in each of the 
following examples : 


Annwem. 


Course and dist. 

I.at. from. 

].ionft. from. 

I.at. in. 

1.01117, in. 

108. 

EoHt 492-5' 

52" 

10' N. 

0‘29' W. 

52M0' N. 

vr 

‘54' K. 

100. 

East 1752 

60 

0 N. 

5 10 W. 

60 0 N. 

53 

14 K. 

no. 

Eaiit 560 

57 

32 N. 

13 5 W. 

,57 32 N. 

4 

ac 

111 . 

West 740 

60 

0 N. 

50 0 W. 

60 0 N. 

74 

40 W. 


The preceding rules are the principal ones used in 
navigation. It would be easy for the matlicmatical student 
to make for himself others, by means of the relations between 
the several terms course, (list., dcp., &c., as shown by the 
fig. p. 151, in the author’s volume of Astronomical Problems : 
he would find then no difficulty in solving problems similar 
to the following : 

Sailed from A, in long, in 8° 10' AV., 3(X) miles due cast, 
and altered my longitude 10 degrees ; required the latitude 
and longitude in. 
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To find latitude, 

cos. lat. = 


(list. 


300 _ 
(KX)" 


(lifl*. long. * 
lat. in = 60°, and long, in = 6° 50' E. 


Wishing to make a small island, 1 took the ship to wind- 
ward of it in the same latitude with the island, namely, 
50° 48' K. The longitude of the ship by chronometer was 
20° 35' W., and the long, of the island was 23° 50' AV. 
AVliat was my distance from the island ? 

]n this example of parallel sailing we have given lat. 
50° 48', and diff. long. 3° 15', or 195', to find distance. 


dist. = diff. long. . cos. lat. 

log. diff. long 2*200035 

log. cos. lat 9*800737 

log. dist 2*090772 

. * . dist. 123*2 miles. 


The Dafg nWh 

To find the place of the ship at noon, that is, its latitude 
and longitude, having given the latitude and longitude at 
the preceding noon, the compass courses, and distances run 
in the interval, the doAiation of the compass for each course 
on account of local attnudion, the variation of the compass, 
the leeway, the velocity and direction of current (if any) &c., 
constitutes what is called the Day’s Work. 

JRule A’ll. (the Da^fs Work). 

(1.) Correct each course for variation (Rule ^), deviation 
(Rule f), and leeway (Rule /) ; thus get the true courses, 
and arrange the same in a tabular form, as in the example, 
p. 34. Add together the hourly distances sailed on each 
course, and insert the same in table opposite the true course. 

(2.) Take out of the traverse table the true difference 
latitude and departure for each course and distance, putting 
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them clown in the columns headed with the same letters ns 
in course. Previously to opening the traverse table, fill up 
the columns of true difference latitude and departure not 
wanted, by drawing horizontal lines; this will frequently 
prevent mistakes. 

(3.) If the ship does not sail from a place whoso latitude 
and longitude are known, her bearing and distance from 
some near object, as a church-spire, «&c., must be ascertained, 
and also its latitude aud longitude. Then the ship is 
supposed to sail from this known object to her anchorage, 
her course being the opposite to the bearing of the object 
from the ship. This course must be oorrc'cted like Die rest 
for variation and deviation, and inserted in the table as an 
actual course, with the distance of tlie object as a distance. 

(4.) If a current sets the ship in any ascertained direc- 
tion, and with a known velocity, these also may be conceived 
to be an independent course and distance, and must bo 
corrected for variation, and should be for de\ iation also, if 
the latter correction is appreciable, wliich is rarely the 
case. 

(5.) To find the latitude in. The quantities in the four 
columns of true difference latitude and departure being 
added up separately, the difference between the north 
difference of latitude and south diflerence of latitude, with 
the name of the greater, will give the true diflerence of lati- 
tude, made at the end of the day. The departure is found 
in a similar manner. Apply true diflerence latitude to 
latitude from, so as to obtain the latitudi* in. 

(0.) To fiiui the longitude in. Add together log. see. 
mid. lat. and log. departure*, the result (rejecting 10 in th(* 
index) is the log. difference longitude. Find this in table, 
and thus the longitude in is found.* 

The following example, worked out in detail, will perhaps 

* Or thus : — To find long., add together log. M.D. lot Hn<l log. 

dep., and from the sum subtract log. T. D. lat. ; the remainder is the 
log. diff. long., irhich find in the tablet. 
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be sufficient to explain the operations directed in the above 
general rule. 

EXAMPLE. 

112. April 27th, 1852, at noon. A point of land in 
latitude 30° 30' 8. and longitude 110^20' W'. bore by compass 
E.N.E. JE. (ship’s head being S. E. by S. by compass), 
distant 14 miles ; afterwards sailed as by the following log 
account; required the latitude and longitude in, on April 
28th, at noou. 


1 

e 

Ut 

Cmiracs. 

\Vin«U. 

IXH*- 

way. 

npvi- 

atioD. 

KRTOarka. 

] 

2-5 

S.W.4W. 

S.b.E. 

21 

41. 

r... “i 

2 

34 



1 

3 

2*3! 





4 

3-2 

W.b.S-iS. 

S.b.W. 

2i 

ii. 

1 

5 

4-4 


i 

6 

2-3 





Variiitioii of com- ! 

7 

2-3 

W.b.N.tX. 

s.w. 

2 

31. 

pJWsJ 1 3 E. j 

8 

3-3 





j 

0 

4-0 





! 

10 

f.-4 





11 

4-2 





I 

12 

4-4 


■ 1 

! 1 


i 

1 1 
o 

3-3 

K.W.IW. 

, W.b.S.|S. 1 

1 24 

, 41. 

A.M. ' 

' 8 







' 4 

4-2 





Acuirentsetthc j 

1 

()-3 

W.b.S. 

S.4W. 


31. 

ship the last 8 ; 

6 ! 

3-7 


i 


hours, by com- 

i " 1 

25 



] 

1 

pass, E.*4S., 2 

S 1 

.VO 





miles an hour. 1 

f 0 i 

r)*2 

S.W. 

S.b.E. 

24 . 

41. 

1 

10 1 

3-4 


1 


: 

' 11 1 

0-3 





1 

12 i 

fi-4 





L , 1 


(1.) The column in the above table headed deviation 
should be foniied from the general table of deviations (p. 16) 
previously to correcting courses. Thus, in the first course 
in the preceding table, the ship’s head is 8. W. I W. ; looking 
in the deviation table we see that the corresponding correc- 
tion is i W. or i 1. (Kule i.) 
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(2.) Form a table such as below, by writing down the 
headings, points, courses, &c., over the seven columns which 
are to be filled in with the corrected courses, Ac. 




1 I>i<r. U(. 

m^partiinv 

Points. 

Courses. 

Distonce. ' 




i N- , s- 

E. W. 




(3.) To correct the courses. 

The courses arc more readily corrected by drawing two 
lines at riglii angles, to 
represent the N., S., E., 
and W. points of the com- 
pass, and then a line to 
represent (rouglily) the 
compass course of the ship. 

The direction in which tho 
correction for leeway must 
be applied will then be 
easily seen. 

After some 6xpericncc in 
correcting courses, they can 

be made mentally, and tjie diagram dispensed with. 

To correct the departure course which is W.S.W.JW. 
(the opposite bearing to E.N.E. JE.). 

c 3 



u 


EULES IN NAVIGATION. 


Draw a line roughly in the fig. W.S.W.iW. as Cl; it is 
then seen that 

pts. qrs. 

compass course G 2 r. S. 

variation 1 3 r. 

ship’s head S.E.b.S.. dev. 0 0 (See table, p. 16.) 

1 3 r. 

true course S 1 r. S. 

or 7 pts. 3 qrs. left of X., or VV^.^X. diat. 14'. 
luscrt this course and distance in table below. 


Points.' 

C'oiir84>s. 

IMst. 

lat. 1 

I><!parturB. | 

.N. 


E. 

w, 1 

n 

W.IN. 

14 0 




140 

8 

W. 

8*2 

... 



8-2 

r. 

W.N.W. 

0*9 

:'.-8 

' 


9-2 ! 


N.W.b.N.lW. 

2;c(> 

19-U 



14*1 1 

'i 

N.JW. 

14U 

141 



2-1 


W.N.W.AW. 

175 

.VI 



lC-7 


W.^S. 

1 20:1 

... 

]’•<> 1 


20-8 


S.K.b.E.31:. j 

j IG-U 


6-8 ! 

14’i 

! 




: 42-7'| 

7-8 i 

14*5 

84*6 ; 




j 7*8 1 

1 

1 


14-5 i 

i 


T.D.lat.;M-9N. j 

Dcp. 701 W. 


H'irgi Course. — S. \V. \ W. 
Draw a line in fig. S.W. i AV. as C2 ; then 


pts. qrs. 

compass course 4 2 r. S. 

variation 1 3 r. 

deviation 0 2 1. 

1 1 r. 

5 3 r. S. 

leeway (wind S.b.E.) . . . .2 1 r. 

true course ^ 0 r. S. or dueW. 8*2'. 


The distance 8*2' is found by a4ding up the hourly dis- 
tances until the course is altered, at 4 o’clock. Insert this 
course and distance in the table. 
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Second Course, — AV. b. S. \ S. 

Draw a line in fig. W.b.S.iS. as C3. 

pts. qrs. 

compass course 6 2 r. S. 

Tariation .... 1 3 r. 
deviation .... 0 31. 

1 0 r. 

7 2 r. S. 

leeway 2 2 r. 

true course 10 0 r. S. 

or (» 0 1. N. 

= \N .X.W. f) 9 . 

Insert this course and distance in the table. 

Third AV.b.N. ;N. 

Draw a line AV.b.X.JN. as C4. 

|»tM. qrs. 

compass course G 1 1. X. 

variation .... 1 3 r. 

deviation .... 0 31. 

1 0 r. 

5 1 1. X. 

leeway 2 Or. 

true course 3 1 1. X'. 

or X.W.b.X.^ AV. 23 (;'. 
Insert this course and distance in table. 

Fourth Course. — X.W. i W. 

Draw a line X'.AV.iAV - as C5. 

pU. qrc. 

oonipass course 4 2 1. X. 

variation .... 1 3 r. 

deviation ... 0 21. 

3 1 1. X. 

leeway 2 2 r. 

true course 0 3 1. N. 

or N. JW. 14-3'. 

Insert this course and distance in the table. 
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Proceed with the 5th and 6th courses in the same manner, 
thus: 

Fifth Courte. 


ptii. qrs. 

W.b.S. 7 0 r. S. as C3. 
1 3 r. 

0 3 1. 

1 Or. 

8 0 r. 8. 

1 2 r. 

9 2 r. S. 
or C 2 1. X. 

= W.N.W.iW. 17 5'. 

Current course E. 
variation . 
true course 


Sixth Course. 

pU. qn. 

S.W. .4 0 r. S. 

1 3 r. 

0 2 1 . 

1 1 r. 

5 1 r. S. 

2 2 r. 

7 3 r. S. 
or AV.{8. 20-3'. 

ptH. qrs. 


7 2 1. S. 
1 3 r. 

5 3 1. S. 
or S.E.b.E. J E. 100'. 


Previously to opening the traverse table to take out the 
(liflerence latitude and departure corresponding to each 
course and distance in the above table, fill up the columns 
not wanted : thus in the first course AV.:} X. the X. and A\". 
columns will bo wanted ; fill up the S. and E. columns by 
drawing a lino under 8. and E. In the second course AV^. 
the throe columns X., 8., and E., will not be wanted; fill 
them up with lines. In the same manner proceed with the 
other courses. 

(4.) To find difference latitude and departure for each 
coiuw and distance, by traverse table. 

Enter traverse table, and take out the difibrence latitude 
and departure corresponding to 7J points, and distance 14 0. 
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(Look out rather points and 140 distance, the dift*. lat. 
and dep. for which are G-9 and 139 8; move tlio decimal 
points one place to the left,) and put down the result to tho 
nearest tenth, which are *7 and 14*0. Insert them in tho 
spaces left unmarked under N. and W. 

The second course being due W. 8 2', the departure will 
be 8*2 (the same as the distance). 

With third course G points and distance 9*9 (looking for 
99, and making the proper change in decimal points) the 
difF. lat. is 3*8' and dep. 9*2'. 

In a similar manner find difTcrcnce latitude and departure 
for the other courses. 

When the four columns arc added up, it appears that the 
ship has sailed N. 42*7' and S. 7*8'; therefore upon tho whole 
the true diflerence latitude is 31*9' N. ; and her departure 
has been 14*5' E. and 84-C’ W. ; hence the departure made 
good in tho 24 hoiu^ is 701' W. 

(5.) To find the latitude in, apply the true difference lati- 
tude to the latitude from, in the usual manner, to obtain the 
latitude in. (Kulc e.) 

(6.) To find the hnfitude in.* With the latitude from 
and latitude in, find middle latitude. Add together log. 
secant mid. lat. and log. departure; the result (rejecting 
10 in index) is the log. ditference longitude, which, found in 

* Or thus : To find long, in (by inupcction). 

Since am. course 

diat 

and = coa. mid. lat. =: ain. complement mid. lat. 

If, therefore, the traverse table is entered with complement of mid. lat. 
as a course, and with the given departure, tho distance corresponding 
thereto will be the difference of longitude nearly. 
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the tables, and applied to 
longitude in. Thus : 

To find latitude in. 
T.D. lat. . 0^34' 54"N. 


lat. from 

. 36 30 

0 S. 

lat. in. . 

. 35 55 

6 S. 


2)72 25 

~6 

mid. lat. 

. 36 12 

33 


the longitude from, gives the 

To find longitude in. 
log. sec. mid. lat. 0 093148 
log. departure . . 1845718 
log. difl*. long. . . 1-938860 
diff. long. 87' 

or P27 W. 
long, from . . 110 20 W. 
long. in. . . . Ill 47 W. 


Mercator 8 Chart. 

To fiml course, and distance on Mercator’s chart between 
two known places. 

To find course. Aj)ply the edge of a ruler to the two 
places, and then ascertain at what degree a straight line (as 
the edg(‘ of the same or another ruler) placed parallel 
thereto, and passing through the centre of some adjacent 
coiTi])a8s, cuts tht* circumference. This will indicate the 
bearing or course required. 

To find distance. This may, in general, be found by 
applying the distance on the chart to the side of chart, so 
that the chart distance may be so placed that the middle 
point may coincide with the middle parallel between the 
two places ; then the degrees of lat. covered by the cliart 
distance will be the distance nearly. 


More concise methods for solving many of the preceding 
problems might have been given, by employing the traverse 
table, &c. But these will suggest themselves to the learner 
after he has had some practical experience in nautical matters. 


Tlie following examples formed part of examination papers 
given at the Itoyal Naval College, at the monthly examina- 
tion, in navigation, of lieutenants and assistant-masters in 
her Majesty’s Koyal Na\ 7 . 
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113. Eeqiiired the course and distance from A to B. 

lat. A . . . 50°25'N. long. A . . . 3^40'E. 

lat. B . . . 55 40 N. long. B ... 2 25 W. 

114. Find the course (by compass) and dist. from A to B. 

lat. A . . . 70®10'N. long. A . . . ir)'^5'E. 

lat. B ... 70 10 N. long. B ... 20 5 E. 

The deviation is given in table, p. 16. 

115. June 20, 1852, at noon, a point of land in latitude 
47° 12' N. and longitude bv account 3° 10' AV. boi’c by 
compass E.N.E., the ship’s head being South by compass, 
distant 17 miles (variation of the compass 3j AV".) ; after- 
wards sailed as by the following log account : requin'd the 
lat. and long, in, on June 21, at noon. 


1 ! 

e 1 

i 1 
-e 




1 1 

3 

r. 

E.b.N.iN. 

1 




3 

2 



Ji 

4 





4 

3 




Variatiou of the 


3 


W.N.W. 

t ditto. 

coinjmKH 3^ W. 

t> , 

4 i 

1 



For loial lievia- 

7 

3 i 

0 




S ' 

3 i 

7 





4 1 

1 

, S.S.W. 






N.N.W. 



2 ' 

3 



A current wit the 

3 i 

4 


; ; 1 

! ship the lofit 4 

4 ! 

4 


1 

hours, by comp. 


4 

S.E.iE. 

! S.S.W. U 

S.S.W.i\V., 2 

6 1 

3 

! ! 

miles nn hour. 

7 1 

3 


1 

The currtjnt need 

8 ! 

4 


1 

not be con'cctod 

9 ! 

3 


i 

for local devia- 

1 

4 


tion. 

11 ' 

4 




i 12 1 

r» 
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116. Ecquired the course and distance from A to B. 

lat. A . . . 47®50'N. long. A . . . 32°20' W. 
lat. B ... 45 10 N. long. B ... 35 40 W. 

117. Ecquired the course (by comp.) and dist. from A to B. 

lat. A . . . 70° 10' S. long. A ... 5° 0' W. 

lat. B ... 70 10 S. long. B . . . 5 0 E. 

Variation of compass 2i W. For local dev. see p. 16. 

118. March 5, 1852, at noon, a point of laud in latitude 
57° 12' N. and longitude by account 75° 34' W. bore by 
compass E.N.E. (ship’s head being N. by compass), distant 
18 miles (variation of the compass 1 \ AV.) ; afterwards 
sailed as by the following log account ; required the lat. and 
long, in, on Alarch (5, at noon. 
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119. Bequired the course and distance from A to B. 

lat. A . . . 712° 20' S. long. A . . . 13^25' W. 

lat. B ... 65 42 a long. B . . . 20^10 W. 

120. Find the course (by compass) and dist. from A to B. 

lat. A . . . 70°10'N. long. A . . . 15° 5 E. 

lat. B ... 70 10 N. long. B ... 20 5 E. 

Variation of compass 2 W. For local deviation, see p. 16. 

121. June 1, 1852, in longitude 18° 28' E., and latitude 
34° 28' S., a point of land bore N.W. (ship’a head N. by 
compass), distant 10 miles (variation of the compass 2i W.) ; 
aftcnii'ards sailed as per log: required the latitude and 
longitude in, on June 2. 
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122. Bequired the course and distance from A to B. 

lat. A . . . 3°30'X. long. A . . . 74°40'E. 

lat. . . 2 20 S. long. B ... 59 17 E. 

123. A ship sailed from A 380 miles E.S.E.^E. : required 
the latitude and longitude in. 

lat. A . . 39" 12' N. long. A . . . 78" 50' W. 

124. May 2, 1852, at noon, a point of land, in latitude 
55" 10' S. and longitude G7"20' W., bore by compass N.E.IE., 
ship’s head N., distant 12 miles (variation of the compass 
3J W.) ; aftcnv’ards sailed as by the following log account: 
required the latitude and longitude in, on May 3. 
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125. Eequired the course and distance from A to B. 

lat. A . . . 21® 15' S. long. A . . . 0® 30' W. 

lat. B ... 30 27 S. long. B ... 2 10 E. 

126. Eequired the compass course and dist. from A to B. 

lat. A . . . 15°30'X. long. A . . . 2®10'E. 

lat. B ... 15 30 N. long. B ... 3 10 E. 

Variation of compass 2^ E. For local deviation see p. 16. 

127. March 6, 1852, at noon, a point of hmd, in latitude 
47° 10' N. and longitude by account 10° 46 AV^., bon' by 
compass E.b.N.lN. (ship’s head being S.S.E. by compass), 
distant 20 miles (variation of the compiias 2 \ AV.) ; after- 
wards sailed as by the following log account : required the 
lat. and long, in on Alarch 7, at noon. 
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128. Bcquired the course and distance from A to B. 

lat. A . . . 9® 30' S. long. A . . . 2° 4' W. 

lat. B . . . 7 10 S. long. B ... 1 30 E. 

129. Two places in the same latitude N. whose difference 
of longitude is 700 miles, are distant from each other 400 
miles ; required the latitude they are in. (See p. 30.) 

130. Jan. 10, 1852, at noon, a point of land, in latitude 
46® 12' S. and longitude by account 2® 10' W., bore by 
compass E.b.S. ^S., distant 20 miles, the ship’s head being 
East by compass ; aftcn\’ard8 sailed as by the following log 
account : required the latitude and longitude in, on Jan. 11, 
at noon. 
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In the following examination paper the &lup*8 compasses 
are not supposed to be affected by the iron on boanl. 

131. Eequired the course and distance from A to B. 

lat. A . . . 78°12'K long. A . . . 80° 15' W. 

lat. B ... 73 50 N. long. B ... 89 10 W. 

132. Sailed from A 555*6 miles due N. ; required the 
latitude and longitude in. 

lat. A ... 3° 15' S. long. A ... 100° W. 

133. On June 5, 1852» at noon, a point of land, in latitude 
70° 15' N. and longitude 7° 13' E., bore by compass N.W.IW., 
distant 18 miles (variation li W.) ; aftcrwanls sailed ns by 
the following log account : required the latitude and longi- 
tude in, on June 6, at noon. 
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Answebs to Questions 113—133. 

113. Course N. 34° 49' W., distance 3845. 

114. Compass course E.'3N., distance 101‘8. 

115. True courses, Ac., S.S.W. 170'; E.X.E.IE. 14 3'; 

S.\V.iW.14 9'; S.E.151'; N.W.lK.15r; E.b.N. 
15 0' ; S.lV.l W. 16*9' ; S.J E. 8 0'. Lat. in 40° 37 N., 
long, in 3° 9' W. 

110. Course S. 40° 42' W., diot. 2110. 

117. Comp;i.ss course 8.E.b.E.^E., dist. 203 0. 

118. True courses, Ac., S. W. llV. 18*0': North 17*4'; 

S.b.E.lE. 0*7'; N.E.JN. 14*5'; S.W.^S. 9*4; 
E.S.RIS. 245’; S.b.E.]E. 5*3'; N.W. JW. 240'. 
Lat. in 57° 20' N., long, in 75° 31' 1V^ 

119. Course N. 19° 52' W., distance? 423 2. 

120. Compass course E.S.E.IE., distance 101*8. 

121. True courses, Ac., E.S.E. 10*0 ; N.N.E. 22*5 ; S.b.E. 

28*0 ; \V.iN.19*4; S.b.W.^W. 25*1'; N.N.E.iE. 
1 S O' ; W. N. W. 1 W. 23*2 ; W. N. W. i W. 10 0 . 
Lat. in 34° 30' S., long, in 17° 57 E. 

122. 8. 09° 14' AV., 9871. 

123. Lat. in 37° 22' N., long, in 71° S’ ^V. 

121. True courses, Ac., S. b. W. i W. 12 0'; North 110'; 
S.iE. 15*8'; 8.AVMW. 119 ; N. N. E. 1 E. 7*4 ; 
S.b.AV.iAV. 150 ; W.N.AV..iW. 10*0'; N.E.^E. 
22*5'. Lat. iu 55° 23' 8., long, in 07° 37' W. 

125. 8. 14°30'E., 570 4. 

120. N.E.iE. 80*7. 

127. True eoiirses, Ac., S.W. JAV. 20*0' ; S b.W. nV. 10*7'; 

8.8.W.iW'. 11*3'; N,N.E.iE. 144'; N.N.E.^E. 
15 2'; N.E.JE. 18*5'; E.N.E. 19 5'; W.N.W.fW. 
27*0' ; AV. S. AV. J 8*0'. Lat. in 47° 20' N., long, 
ill 11° 3' AV. 

128. N. 50° 32' E., 253*9. 
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129. Lat. 55® 9' N. (See similar Ex. p. 30.) This example 

is worked out as follows : From the logarithm of 
the distance (increased bj 10) subtract log. dilV. 
long. ; the remainder is the log. cos. latitude, which 
find in the tables. 

130. True courses, Ac., N.W.i IV. 20 0’; AV.b.S.JS. I HV ; 

N.N.EiE. 13-8'; S.E.b.S.i8. 9 4'; W.N.AV.IW. 
12-3'; E. N. E. IN. 10 7'; 8. AV. b. ^V^ 14 8; 
SAV.b.AV. nV. 22-5. Lat. in 40® 0' 8. ; long, in 
3® 24' AV. 

m. S. 2G® -1 AV., 2017. 

132. Lat. 0®0'30" N. ; long. 100® AV. 

133. True courses, &c., S.E.b.E.n*!. IS' dej). course; N.JF. 

12-4'; N.X.AV. 12 1'; S.8.AV..IAV. 10*5'; S.b.E. 
95*5'. Lat. in 08® 4s' N. : long, in 8^ 20' E. 
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KAUTICAL ASTRONOMY. 


SECTION 1. 

IlKFIMTIONS IN NATTK AU ASTUoNoMY. KXIM.A N ATION AND 
OF NAITK’AL ALMANAC. AND PKLLIM I N A l{ V |■UOHLKMS. 

ClIAFrEit I. 

ASTRONOMICAL AND NATTirAL TERMS AM* DEFINITIONS. 

1. Nautical Astronomy toachca tlu‘ mctltod of finding 
the place of n ship by means of aslronomieal oliserval ions. 

2. Tlie following pages will (‘ontain the priiieipal rule's for 
doterinining the latitude and loiigitudi* and tin- variation of 
the compass, and a series of e xamples uiuh'r each role will 
be given for practice. Tlie requisite elements from the 
Nautical Almanac will be prinl(‘d after each hatch of 
examjdcs, in order that the student may learn as early as 
jwssible the use of that important volume. 

3. By the eombinatioii of theory w itli astronomical obser- 
vations, the motions of the sun, moon, and planets liave 
been di*tt*rmined with great accuracy, so that their jilac-es 
may be computed beforehand. An account of tb(‘s<* motions 
and relative positions of tlie heavenly bodies is printed every 
year in England, under the name of the Nautical Alumnae. 
In France a similar work is published, called the Cannainsance 
dea Tema. 
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Before we enter upon the explanation of the contents and 
uses of the Nautical Almanac, we will give definitions of the 
most important terms used in Nautical Astronomy. 

Astronomical Terms and Dejinitions. 

4. To a spectator on the earth the sun, moon, and stars 
seem to be placed on the interior surface of a hollow sphere 
of great but indefinite magnitude. The interior surface of 
this spliere is called the celestial concave^ the centre of 
which may be supposed to be the same as that of the earth. 

5. The heavenly bodies are not in reality thus situated 
with respect to the spectator ; for they are interspersed in 
infinite space at very different distances from him : the whole 
is an optical deception, by which an observer, wherever he 
is placc'd, is induced to imagine himself to be the centre of 

the universe. For let us sup- 
pose that c y be the earth, 
p z M tlio celestial concave, 
and m and n heavenly bodies 
at different distances from a 
8j>ectator placed at a. Then 
the spectator not being able 
to estimate the relative dis- 
tances of m and w, would 
imagine both the bodies to be 
situated in the celestial con- 
cave at z and m, at the same distance from him. This 
figure will enable us to explain the terms true and apparent 
place of a heavenly body. The body m viewed from the 
surface of the earth would appear to a spectator a to be at 
M in the celestial concave : if it were si'cn from the centre 
of the earth, the point occiipied by m would be m', the ex- 
tremity of a line drawn from the centre c of the earth 
through the heavenly body to the celestial concave, m is 
called the apparent place, and u' the true place of the 
heavenly body m. 
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6. The axis of the earth is that diameter about which it 
revolves : the poles of the earth are the extremities of the 
axis. 

7. The terrestrial equator is that great circle on the earth 
that is equidistant from each pole. 

8. A spectator on the earth, not bc'ing sensible of the 
motion by which in fact he describes daily a circle from 
west to east with the spot on which he stands, views in 
appearance the heavens moving past him in tho opposite 
direction, or from east to west. The sphert' of the lixed 
stars, or as it is more usually called, the cidestial concave, 
thus appears to revolve from cast to west round a line which 
is the axis of tlie earth j)roduccd to tlu* celestial concave: 
this line is tlicreforc called the axis of the heavens. 

9. The poles of the heavens are the extremities of the axis 
of the heavens. 

IQ. The celestial equator is that great circle in the cch‘stial 
(concave whicli is perpendicular to the axis of tho heavi‘ns ; 
or it may be defined to be the terrestrial equator expand(*d 
or extended to the c-clestial concave. Tho poles of th<* 
celestial equator and the poles of tlic heavens are tliendbrc 
identical. While the earth thus performs its daily revolu- 
tion, it is carried with great velocity from west to east 
round the sun, and describes an cllipti<* orbit once every 
year. This ainiual motion of the earth round the sun, 
iausc'S the latter body, to a spectator on the earth, insensible 
of his own cliangc of place, to appear to describe a great 
circle in the celestial concave 
from west to east. This may 
be explained by a figure. Let 
A c, A^ be tho earth’s orbit, s the 
sun, and a, m the celestial 
concave ; then, to a spectator at 
c„ the sun is seen at a point s, in 
the celestial concave, a little, we 
will suppose, to the west of a fixed star at m ; but when 




gmt circle thus described by the sun is called the ecliptic. 

11. The axis of the earth as it is thus carried round the 
8{ili» continues always parallel to itselfy and is supposed, on 
aooount of the smallness of the earth’s orbit (small, when 
eoBlipaired with the distance of the heavenly bodies), to be 


always directed to the same points in the celestial concave, 
aamdiy, the jieler of the heavens. 

12. TVom observation, the celestial equator is found to be 
inclined to the ecKptic at an angle of about 23® 28'. This 
indination of the equator to the ecliptic is called the 
MiquUy of the ecliptic* The axis of the earth, therefore, 
which is perpendicular to the equator, is inclined to the 
ediptic, or, as it is in the same plane, to the earth’s orbit, 


at an angle of 66® 32'. 

18. In consequence of the whirling motion of the earth 
dKmt its axis, the parts near the equator, which have the 
neateit vdooitT, acquire thereby a greater distance from 
centre than the parts near the poles. By ac^ 
ment of a degree of latitude in different parts of the earth, it 

ia found that the equatorial diameter is 

p polar diameter by 26 miles : the former 

being about 7924 miles; the latter 
( // \ about 7898 miles,* and that the form of 

*r ig that of an a>Ute 

^ resembling the annexed figure, m which 

,,,,, is the axis and e ? the equator. It is usual, howerer. 


* Seo the author’s Problems in ^fa-onomy, &C., 
page 66, where the investigation of this problem is given 
of ecjuatorial and polar diameters calculated. 


and Solutions, 
, and the values 
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in drawing tlu' figure of the earth to exaggerate vorv much 
its ellipticity ; this is done for the sake of drawing the lines 
about the figure with greater clearness ; for if it were con- 
structed according to its true dimensions, the line p 
(being only about the yj^th part of itself less than e q) would 
appear to the eye of the same length ns r and we should 
see that the figure that more neaidy resembles the earth 
would be a sphere. 

14. If a perpendicular a o be drawn to the earth’s surface 
passing through a, the angle fonned by the line with 
the plane of the equator is the latitude of the point a. 

If a line be drawn fjx)m a to c, the centre of the earth, 
the angle a c $ is called the redueedy or central latitude of A. 
The difference between the true and reduced latitude 
is not great : it is, however, of importance in some of the 
problems in Nautical Astronomy. This correction has 
accordingly been calculated,* and forms one of the Nautical 
Tables. 

Sections of the cartli passing through tho poles, as pxq, 
are called meridians of the earth. If tho earth is considered 
ns a sphere (which it is very nearly), the meridians will bo 
circles : on this supposition, moreover, the pi*q)eudiculnr A a 
would coincide with Ac, and the latitude of a place on tho 
surface of the earth may be, on this 8 upj> 08 ition, defined to 
be the arc of the meridian passing 
through the pla<*e, intercepted be- 
tween the place and tho iK}uator. If 
o A be produced to meet the celestial 
concave at z, the point z is the zenith 
of the spectator at a. If c a be pro- 
duced to the celestial concave at z', 
then z' is called the reduced zenith of 
the spectator at a. Tho point opposite to z in tho celestial 
concave is called tho Nadir, In tho figure tho terrestrial 

* See the author’s Astronomical Problems and Solutions, page 50, 
for the investigation of this correction. 
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equator e q in extended to the celestial concave, and there- 
fore c Q is the plane of the celestial equator. 

By means of the figure we may define the zenith, reduced 
zenith, latitude, and reduced latitude, as follows : — 

The zenith is that point in the celcsthil equator which is 
tho extremity of the line drawn perpendicular to the place 
of the spectator, as z. 

The reduced zenith is that point in the celestial con- 
cavewhicli is the extremity of a straight line drawn from 
the centre of the earth, through the place of the spectator, 
as z'. 

The latitude of a place a on the surface of the earth, is 
the inclination of the j)erpendicular a o to the plane of the 
equator : thus the angle a o q is the latitude of a. The arc 
z Q in the celestial concave measures the angle a (i Q ; hence 
z or the dutiance of the zenith from the celestial equator ^ is 
equal to the latitude of the spectator. 

The reduced latituilt^ of the jdace A, is the iuelination of 
z' c or A c to tho plane of the equator : or it is the angle 
A c Q or arc z' v, which inciisurcs the angle. Since the 
cun'ature of the earth diminishes from the equator to the 
poles, tho reduced hit itude z' q must be always less than the 
true latitude z mid therefore tlie tlifterence z z’ must be 
subtracted from the true latitude to got the reduced latitude. 

The t*isifde horizon is that 
circle in the celestial concave 
w’hich touches the earth where 
the spectator stands, os a r ; 
and a circle parallel to the 
visible horizon, and passing 
through the centre* of the 
earth, is called the rational 
horizon : thus n c a is the 
rational horizon. These two 
circles, however, form one and the same great circle in the 
celestial concave : thus b and r in the figure must be sup- 
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posed to coincide. This may be readily conceived, when wo 
consider that the distance of any two points on the surfact' 
of the earth will iimke no sensible angle at the celestial 
concave ; therefoix' either of these two circles is to be under- 
stood by the word horizon. The poles of the horizon of any 
place arc manifestly the zenith aud nadir. 

Great circles passing through the zenith are called circles 
of ultitude or vertical cindes. Thus, let z be the zenith of a 
spectator, where the horizon is represented by the circle 
N w s E, then N z s, w' z f., and 
z o arc circles of altitude. That 
circle of altitude which passes 
through the poles of tlie 
heavens is called the celestial 
meridian. Thus, suppose* the 
point r to be that pole (»f tlie 
heavens which is above the 
horizon (and therefore* e*alle*d 
the elevated pole), tlien the 
circle N r z s is the* e'cle'stial 
meridian of a spectator suj>posed to bo on the earth be low* z. 
The points of the; horizon through which the ec'lestial 
meridian passes arc called the north and south points. A 
circle of altitude at right angles to the meridian is e*nlled 
the prime vertical: thus w z F is the prime* vertie;al. This 
last circle cuts the hemizem in twe» j)oints (*alled the cast and 
%cest points. The cast .and west points arc manifestly the 
poles of the celcstijd meridian. 

Sine*e the horizon and celestial equate)r arc both perpen- 
dicular to the cedestial meridian, the points where; the 
horizon and e*elc8tial cejuator intersect each other, must be 
90® distant from cverv* part of tlic meridian (Jeans’ Trig., 
P. II, art. 65) ; that is, the celestial equator must cut tho 
horizon in the cast and west points. If, therefore, i* is the 
pole of the heavens, take p q = 90®, then the celestial equator 
must pass through q, and os we sec it must also pass through 

D 3 
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the east and west points, the curve w q e, in the figure, \vill 
represent the celestial equator. 

The preceding terms are frequently explained by means 
of a figure projected on the plane of the celestial meridian, 
as thus ; Let the circle p z q represent the celestial me- 
ridian, the pole c is either the 
east or west point; let H E 
^ be the honzon and p the pole 
\p of the heavens above the hori- 
zon ; the line p p' may repre- 
sent the axis of the heavens, 
and Q q', drawn at right angles 
to it, the celestial equator ; the 
poles of the horizon will be 
z and 7/, the zenith and the 
nadir, and z c 7/, the circle 
passing through the east and west points, is the prime vertical. 

The ecliptic is divided into twelve ])arts, called signs, 
which receive their names from consUdlations lying near 
them. These divisions or signs are supposed to begin at 
that int^'rsection of the celestial equator and ecliptic which 
is near the constellation Aries. 

Great circles passing through the poles of the heavens 
are called circles of declination ; and great circles passing 
through the poles of the ecliptic are 
f called circles of latitude. Thus, let 
^ / j A Q represent a part of the celestial 

\ / I equator, a c a part of the ecliptic, 

^ aV a the first point of Aries, and there- 

I foi^. angle c A Q the obliquity of the 

ecliptic: let p be the polo of the 
heavens, or of the celestial equator, and p' the |>ole of the 
ecliptic, then p x b is a circle of decimation, and p' x m is a 
circle of latitude. 

JPartdltU of declination and of latitude are small circles 
parallel respectively to the celesti^ equator and ecliptic. 
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Tho declination of a heavenly body is the arc of a circle of 
declination passing through its place in the celestial concave, 
intercepted between that place and tlie celestial equator: 
thus lot X be tho placo of a heavenly body, then x b is its 
declination. 

The right asceneion of a heavenly body is the arc of tlio 
equator, intercepted between the first point of Aries and 
the circle of declination, passing through the placo of the 
heavenly body in the celestial concave, measuring from the 
first point of Aries, eastward, from 0° to 3()0^; thus the arc 
A B is tho right ascension of the heavenly body X. 

In like manner, if a circle of latitude be dniwn through any 
point X, in tho celestial concave, tho part of it bt'twivu the 
point and tho ecliptic is called the latitude, of the pthnt ; and 
tho arc of the ecliptic, extending eastward from the first 
point of Aries to tho circle of latitude, is culled the longitude 
of tho point: thus tho latitude of x is x M, and tho longi- 
tude A M. 

Tho altitude of a heavenly body is the arc of a circle of 
altitude passing through tho 
place of the body iutercepted 
between the placo and the 
horizon. Thus, if z o be a 
circle of altitude, and N w s E 
the horizon, then arc x o is 
the altitude of x. 

The azimuth^ or bearing of a 
heavenly body, is the arc of the 
horizon intercepted between 
the north and south points 
and the circle of altitude passing through tho place of tho 
body ; or it is the corresponding angle at the zenith between 
the celestial meridian and tho circle of altitude passing 
through the body : thus the arc s o or n o, or the angle 5 z o, 
or s z o, is the azimuth of x. 

The amplitude of a heavenly body is the distance from the 
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eart point at which it mes, or the distance from the west 
point . at which it sets, the arcs or distances being measuted 
on the horizon ; thus suppose the heavenly body x to rise 
at D, and after describing the arc n x d', to set at n', then 
the amplitude of x is either n e or n'w. 

The hour angle of a heavenly body, is the angle at the 
pole between the celestial meridian and the circle of decli- 
nation passing through the place of the body ; thus, z p x is 
the hour angle of x. 


CHAPTER II. 

os TIME. 

The Solar year, and Sidereal gear, 

15. A solar gear is tlie intm'al between the sun’s leaving 
tlic first point of Aries, and retuniing to it again. 

A sidereal year is the interval between the sun's leaving 
a fixed point, us a star, and returnhig to that point again. 

The equinoctial points have an annual motion of 50''1, 
bv which they arc carried back to meet the sun in its 
apparent motion among the fixed stars, from west to east. 

On this account a solar ye:ir is shorter than a sidereal 
year by the time the sun takes to describe 50 •!. 

The length of the solar years is found to clifler a little 
from each other, on account of certain irregularities in the 
sun’s apparent motion, and that of the first point of Aries. 
The mean length of several solar years is therefore the one 
made use of in the common division of time, and called the 
mean solar year. 

To Jind the length of the mean solar year, 

16. By comparing observations made at distant periods, 
it was found that the sun bad described 36000® 15' 45" of 

^ uo 
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longitude in 86525 days. Now in one solar year the sun 
separates from the first point of Aries 360^, taking into 
consideration its can apparent motion from west to cost, 
and the actual motion of the first point of Aries in the 
opposite direction. 

Let, therefore, x = the length of a mean solar year ; 
then, 36000° 45' 45" : 360° : : 36525‘» : x 
ar = 365^ 5*^ 48«‘ 51*-6 = 3G5‘»‘242264* 


To find tite length of the sidereal gear. 

17. Since the first point of Aries moves with a slow 
annual motion of about 50"* 1 from east to w’cst to meet the 
sun, the arc of the ecliptic described by the sun from the 
first point of Aries to the first point of Aries again, must bo 
3G0° - 50"-l = 350° 50' O ' O, and this is the arc described 
by the sun in a mean solar year ; but in a sidereal year tlio 
sun describes 360° ; hence a sidcival is greater than a solar 
year by the time the sun takes to move over the arc of 50"1. 

Let X = the length of the sidereal year, 
then sidereal year : mean solar year : : 3()0° : 360° — 50"* 1 
or, sidereal year : 365**'242261- : : 360 : 350° 50' O ' O 
sidereal yciir = 365'*^** 0*” ll*-5 f 

The sidereal dai/y the apparent solar dag, and the mean 
solar dag. 

IS. The sidereal dag is the interval between two successivo 
transits of the first point of Aries (»ver the same meridian. 
It begins when that point of Aries is on the meridian. 

The apparent solar dag is the interval between two suc- 
cessive transits of the sun’s centre over ih(; same meridian. 
It begins when that point is on the meridian. 

* According to Bcfwcl the formula for determining the length of the 
moan solar or tropical year is 

365'''2422013 — •0000000<5686 X t 
where t Is the number of years since 1800. 

t The length of a sidereal year according to Bessel is 

365'‘*256374322 = 365^ 6^ 9- 10-7423 mean time. 
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The length of an apparent solar day is variable from two 


Ist. From the variable motion of the sun in the ecliptic. 
2nd. From the motion of the sun being in a circle inclined 
to the equator. 

19. To (‘X])lain briefly these eauw's of variation, lot us 
suppose th(‘ hvo circles a q, a i, 
to r<*pn‘S(‘nt the cedestial equator 
/ / j and ecliptic, and s s' the arc 
/ / / described by the sun in one day. 

j / y Tlic angle at p, between the two 

/ eircle.sof declination, is measured, 

wot by th(* arc s s' described by 
— 1^ the sun, but by the arc a n' of 

^ the equator. Now, 

Ist. The velocity or motion of the sun in the eeliptic is 
variable, on account of the earth moving in an elliptic orbit ; 
it sometimes describes an arc of 57' in a day ; at other times 
the arc described is about OT: this is one cause of the 
inequality in the length of the solar days. 

I* 2nd. lint even supposing the arcs 

oi the eeliptic ilcscribed by tlio sun 
to be (Mpial, yet the angles at p bc- 
j I tween tlie mc’ridiuns as n p r' (in 

L thc three figures) will not be so, 

^ ^ since these angles are measured by 

® equator to which 

s s' will be diflert'iitly inclined ac- 
PJK- 2* . . 

cording to the place of the sun in 
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the ecliptic. At the equinoxes, or 
when the sun is at a, the arcs s s' 
and u B' will be inclined to each 
other at an angle of about 23^ 27' 
(see fig. 2). At the solstices they 
are parallel (see fig. 3). This is the 
second cause of the inequality. 
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20. To obtain a proper measure of time, we must procoetl 
therefore as follows : an imaginarj', or as it is called a mean 
suuj is supposed to *moTO uniformly in the equator with the 
mean velocity of the true sun. A mean solar day may there- 
fore be defined to be the interval between two successive 
transits of the mean sun over the same meridian. It begins 
when the mean sun is on the meridian. 

To find the daily motion of the mean snn in the equator, 

21. The mean solar year, or the time the sun takes to 
return again to the first point of Aries, lias been found to 
be equal to 365‘*‘2122. Let us suppose the moan sun to 
describe the equator in this time, then we shall find its daily 
motion in the equator as follows: — iit‘t x = daily motion, 

365‘‘-2422 : l‘i : : 3G0° : x = 0'^ 985G‘i72 = 50' H ’33 
or, the mean sun’s daily motion in the equator from west to 
east is 50' S"-33. 


To find the arc described hy a meridian of the earthy in a 
mean solar day. 

22. Let p A M v represent the moriilian of a spectator a, 
drawn in some plane ; as, , 
for instance, that of the / ; 

paper; E q the celestial J I i 

equator which must there- ^ 

fore be sup^xised at right \ j!, 

angles to the paper. Sup- \ ^ 

pose the mean sun to be at w on the meridian of a, and 
therefore* in the plane of the paper; and let jn m' be the arc 
of the equator described by the mean sun in one day, 
namely, 59' 8'''33. Now', let the earth be supposed to 
revolve about p p', from west to east, until the meridian 
again passes through the mean sun, which has arrived at m'. 


Then the whole number of degrees described by the meridian 
of the spectator will evidently be one complete revolution, 
or 360® (by which it is again brought into the plane 
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of the paper), together with the arc M m' = m or 
69' Hence in a mean solar day a meridian describes 

360® 59' 8"*33. 

Sidereal time^ apparent solar time, and mean solar time. 

23. Sidereal time is the angle at the pole of the heavens 

between the celestial me- 
ridian and a circle of de- 
clination passing through 
the first point of Aries, 
measuring from the me- 
ridian westward; thus, if 
p Q be the celestial meri- 
dian, ▲ the first point of 

Aries, a g the eipialor, then the angle g p a is sidereal time. 

24. Mean solar time is tin' angle at tlie pole between the 
celestial meridian, and a cirelt? of declination j)as8iug through 
the mean sun, measuring from the nuTidiau westward : thus 
let m be tlie mean sun considered as a point, then g p m is 
mean solar time. Similarly, if s he the place of the true 
sun in tlie ecli[)tic a i, the angle g P s measured from p g 
westward is apparent solar time. 

25. The equation of time i» the differenee in time between 
the jdaces of the true and mean sun : thus, the angle ?« p s 
is the equation of time. 

Sidereal elockj and mean solar clock. 

26. A sidereal clock is a eloek adjusted so as to go 2t 
hours during one coiiqilete revolution of the earth ; that is 
during the iutenal of two successive transits of a fixed star : 
or supposing the first point of Aries to be invariable between 
two successive transits of the first point of Aries. 

A mean solar clock is a clock adjusted to go 24 hours 
during one complete revolution of the mean sun ; or while 
a sidereal clock is going 2t*‘ 3™ 56*-555. 
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CHAPTER III. . 

INTRODUCTORY OR PRELIMINARY RULES IN NAUTICAL ASTROXO.MY. 

Xautical do^ and Attronomical datf. 

27. The nautical or civil day begins at midnight and ends 
the next midnight. The astronomical day begins at noon 
(Art. 20) and ends at noon, and is later than the civil day 
by 12 hours. Again, in the astronomical day the hours an^ 
reckoned throughout from 0*‘ to 2 ; in the nautical day 
there arc twice 12 hours, the first 12 hour.s being before 
noon, or before the coinmcneeinent of the astronomical day 
(denoted by a.m., ante meridiem ) ; the latter are nfU‘nioon, 
and distinguished by the letters p.m. {post meridiem.) 

Huh 1. 

Given civil or nautical time at slop, to reduce it to 
astronomical time. 

1. If the nautical time at shiji be e.M., it will be also 
astronomical time, p.m. being omitted. 

2. If the nautical time be A.M., add 12’‘ tliereto, and put 
the day one back ; thus — 

(1.) April 27, at 4** lO*" p.ii. (civil) in April 27, at 4** 10"* (aHtm.) 

(2.) April 27, at 4 10 a.m. (civil) ix April 20 at IG 10 (astro.) 


Reduce the follow ing civil or nautical times to astronomical 


times. 

(MtH iliiieii. 

(1.) Sept. 10th, 4** 10“ p.m. 

(2.) June 3 2 42 a.m. 

(3.) July 1 0 18 A.M. 

(4.) Dec. 10 3 42 p.m. 


Aiitrononiir«l tlmm. 

A ns. SiTpt. 10th, 4'' 10“ 

„ June 2 14 42 

„ J unc 30 18 18 

„ Dec. 10 3 42 
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Buie II. 

Given astronomical time at the ship, to reduce it to civil 
or nautical time. * 

1. li tlio astronomical time is less tljan 12 hours, it will 
also bo nautical time p.m, 

2. If the astronomical time be jjreater than 12 hours, 
reject 12 and put th(‘ chiy one forward ; tlie result will be 
civil time a.m. ; thus — 

(1.) April 27, at 4** 10“' (jv«tro.) in A].iil *27, at 4'‘ 10"’ r.M. (civil). 

(2.) April 27, at IG lo" is April 28, at 4 10 a.m. (civil). 


KXAMPLES. 

Rodiieo the lbllowin<r astronomical times to nautical or 


civil timr.*^. 

AKtronomicnl (tmos. 

(5.) Sopt. Kith, ;!2"' 
(0.) .Inly 5 10 

(7.) .July 10 IN W 

(K.) l)<.o, l!l 2;t 5!) 


Civil tliuos. 

Alls. Sept, loth, 1‘* 82'" p.m. 
.luly 0 4 82 A.M. 

duly 11 0 42 A.M. 

„ J)eJ. 22 11 50 A.M. 


Given the time at Greenwich^ to Jinti the time at the same 
instant at any other place, and the converse, 

2S. To lind tlu’ time at any jilace, as Grecnwicli, oorre- 
spoiulinpf to a j>;ivcn lime at any other place, or the eoiivcrso, 
we must remember that since the earth revolves through 
800*^ in 24 hours, from Mest to east, or 15^ in 1 hour, and 
therefore through P in 4 minutes, or T of are in 4 seconds 
of time, at a plact' 15° to the eastward of a spectator the 
sun will be on tlic meridian 1 liour before, and at a place 
15° to the wc8tM’iu*d, the sun will be on the meridian 1 hour 
later tlian at the place of the spectator : heiicc', when it is 

10 o’clock at a given place, it m ill at the same instant be 

11 o’clock at Q place 15° to the eastward, and 0 o’clock at a 
place 15° to the M cstM ard. If, therefore, the longitude of a 
place is known, that is, the number of degrees it is to the 
east or west of Greenwich, we can readily tell what time it 
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18 at the place corresponding to a given time at Grocmvich, 
and tlie converse. To find the time at Greenwich, corre- 
sponding to any given time at a place, is required in almost 
eveiy nautical problem; and even it* the longitude of the 
place and time are only known nearly, the approximate 
true time at Greenwich, deduced from the estimated longi- 
tude and time at the place, is an important element in 
nautical astronomy. The time at Greenw'ich, obtained in 
this manner, is called an approximate Greenwich date, or 
more frequently the Greenwich date. 

To find the Greenw ich date, we shall rt'quire the following 
rules for reducing degrees into time, and the converse. 

Huh III. 

To reduco degrees into time. 

(1.) Uhide the d(‘grces by 15, the quotient Is liours. 

(2.) Multiply the remaining degrees, if any, by I ; the 
result is minutes in time. 

(3.) Divide the minutes in arc by 15; the quotient is 
minutes in time. 

(1.) ^lultiply the remaining minutes of arc, if any, by i ; 
the result is seconds <»f time. 

(5.) Divide the second.s in arc by 15; the quotient is 
seconds in time, carried to decimals if necessary. Tlie sum 
will be the arc in time. 


i:\AM I’LE. 

Reduce 31® 44' 34-'' into time. 

34^ = 1G>'> U* 

41' 2 5G 

31" = ^ 

. 34® 44' 34" = 2 13 53'2C 
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TABLE 

To reduce degrees into time^ and the converse. 


V « 

o* 

4* 1 21' = 

1“ 

24* 

41' 


2m 44. 

r = 

Oh 

4m 

10^ = 

Oh 40" 

2' = 

0 

8 

22' = 

1 

•iS 

4-2' 


2 

4S 

2’ = 

0 

6 

20’ = 

1 

20 

3' 

0 

12 

23' = 

1 

32 

43' 

= 

2 

62 

3’ = 

U 

12 

30’ = 

2 

0 

4' - 

0 

in 

24' = 

1 


44' 

= 

2 

56 

4’ = 

0 

16 

40’ = 

2 

40 

(T *r 

0 

20 

25' = 

1 

40 

45' 


a 

0 

6’ = 

0 

20 

60’ = 

3 

90 

C' s. 

0 

24 

2<J' = 

1 

41 

46' 


a 

4 

ir = 

0 

24 

GO’ = 

4 


7' = 

0 

2H 

27' = 

1 

4.S 

47' 

= 

a 

8 

7' = 

0 

28 

70’ = 

4 

40 

8 '=: 

0 

32 

28' = 

1 

52 

4H' 


a 

12 

H ' = 

0 

32 

60’ = 

6 

20 

I.' 

0 

;2{ 

20' = 

1 

56 

4!»' 

= 

a 

16 

0 = 

0 

36 

90’ = 

6 

0 

10' = 

0 

4<i 

.'vr = 

2 

0 

50' 

= 

a 

2.1 

10 > = 

0 

40 

100’ 

G 

40 

11' = 

0 

41 

31' = 

2 

4 

51' 

= 

3 

21 

11' = 

0 

44 : 

110' = 

7 

20 

12' 

(t 

4S j 

32' = 

2 

.K 

52' 



2S 

12' = 

0 

48 1 

120’ = 

8 

0 

13' i 

0 

r>2 

Xi ’ = 

2 

1*2 

XV 


3 

,'V2 ' 

13’ = 

0 

52 

ia»’ = 

B 

40 

14' js 

0 

WJ 

34' = 

2 

16 

51' 

= 

3 

X) 

. 14' = 

0 

56 

140’ = 

9 

20 

15' = 

1 

0 

:ci' = 

2 

20 

rCi' 

= 

n 

4«* 

ir* = 

1 

0 ' 

1M»’ = 

10 

0 

ID' 

1 

4 

:w = 

2 

21 

r»6' 


3 

41 

16 = 

1 

4 

liav = 

10 

40 

1 17' = 

1 

H 

.37' 

2 

2S 

67' 


3 

4S 

17’ = 

1 

H 

170 = 

11 

20 

i IS' 

1 

12 

3H' .. 

2 

32 

5S' 


3 


IS- = 

1 

12 

IW* = 

12 

0 

j 10' 

1 

16 

;»!♦' . 

2 

.‘V5 

fi!»' 


a 

htl 

10’ = 

1 

16 

m' 

12 

4C» 

1 20'=. 

1 

20 

40' = 

2 

4«> 

60' 


4 

(* 

20’ = 

1 

20 

2IK>‘ = 

13 

20 


Or, thus, by means of the Table to the nearest minute. 


BO- 

1 

• 11 ' 


OJl ()«l 

IG 

G nearly. 
1! lit nearly.* 


Tn some nautit*al tables, the angles in tlic log. sine table 
aro given both in arc and time. The reduction from degrees 
tti liours, and the convtTse, is by means of such a table 
readily made. 


KXAMrLrS, 

Et'duce the following arcs into time. 

(9.) 42' 30' Ans. 38“ 38« 

(10.) 9G 10 45 „ G 21 43 


• The table is computed to the nearest luinuto of arc ; when seconds 
arc to ho reduced (wliich is Hcldom rei|uire<l) the student must proceed 
06 pointed out in the preceding example and rule. 
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(11.) 108° 21' 22" 
(12.) 178 48 45 
(13.) 140 32 10 
(14.) 230 32 10 


Aii 8. 7** 13™ 5r)-4* 
„ 11 55 15 
„ 0 22 S GG 

10 2 SCO 


Rule IV. 

To reduce time into degrees. 

1. ISIultiply the hours by 15 ; the result is dep^rees. 

2. Divide the minutes in time by 4; the quotient is 
dejgrees. 

3. Multiply the minutes remaining, if any, by 15 ; the 
result is minutes of arc. 

4. Divide tlie s^^conds of time by 4; the quotient is minutes 
of arc. 

5. Multiply the seconds (and parts of seconds) remaining, 
if any, by 15 ; the result is seconds of arc. 

The sum will be the arc in degrees. 

EXAMCLE. 

Reduce 2*' 18"‘ 5S**2G into dt*grec.s. 

2 *^ = 30 ^ 0 ' 0 " 

IS'" = 4 30 0 

5S* 2(> = li 33 0 

2MS"' 58*-20 = 311133 0 

Or thus, by means of the table, to the nean*st minute. 

2‘* 18"' 58"-2G 2*' 10"' nearly. 

2’* = 30° O' 

1G‘* = 4 0 

3 = 0 15 

2^' 10"' = 31 15 

EXAMPLES. 

Find the arcs corresponding tt)tlie following times, 

(15) 3»' 52"' I* Ans. 58° 1' 0^ 

(IG) 17 8 22 „ 227 5 30 
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(17) Alls. 124n8'52'*5 

(18) 12 14 10-75 „ 183 34 11-25 

(19) 9 13 8 „ 138 17 0 

(20) 15 17 18 4 „ 229 19 36 

Buie V. 

To find the Greenwich dale, having given time at ship 
and the longitude. 

1. Exjiress the time at the ship astronomically (p. 65). 

2. Reduce the longitude into time, and put it under shi]) 
time (p. 68). 

3. If west longitude, add longitude in time to ship time ; 
the sum, if less than 24 hours, will be the time at Green- 
wich, or the Gr(‘cnwich date on the same day as at the ship. 

But if the sum be greater than 24 hours, reject 24 hours ; 
the result w'ill be tlic Oa*enw’ich date on the day following 
th(* ship date. 

If east longitude, subtract longitude in time from ship 
time, the remainder will be the (ircenw'ich date. If tlie 
longitud(‘ in time is greater than the ship time, 24 hours 
must b(‘ added to the sljip time bt'fore subtraction is made, 
and the Greenwich datt- will be the rcmaindcT on the day 
preceding the ship date. 

EWMn.i:. 

June 10th, at (»•' 10"‘ r.M., in longitude 32^42' W., required 
the time at Greenwich, or the Gn'enwich date to the nearest 
minute. 

Ship, J une 10th, at 6*' 10’“ 
long, ui time . . ? 1 1 AV. 

Gr. June 10th . . 8 21 

July 12th, at 4^ 5*" a.m., in long. 63° 45' W., required the 
Greenwich date. 

Ship, July 11th, at 16*‘ 5“* 
long, in time . . 4 15 AV. 

Gt. July 11th . . 20 20 
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EXAUrLES. 

Kcquired the Greenwich date in each of tlic following 
examples. 

Ship timcB. AnnworH, Oiwnwlrli dnU'ii. 

(21) Mar. 7, at 3** 15"’ a.m. Long. 15' 45' K. . Mar. G. ntll** VI'*' 

(22) Mar. 15 „ 10 35 r.M. .. 43 5 K. . Mur. 15 „ 7 43 

(23) May 12 „ 4 30 a.m. .. 45 50 W. . May 11 .. 19 33 

(24) May 9„ 5 IG r.M. ., 90 35 E. . May 8 .,23 14 

(25) May 5 .. 11 30 r.M. .. 55 47 VV. . May 5 ..15 13 

(2CO May 20 ,. 10 25 a.m. .. 150 15W. . May 20 „ 8 25 

Second Method of finding a Grrentrlch Date. 

The Greenwich date is more correctly found by means of 
n chronometer, whose (‘iror on Greenwich mean time is 
known. 

Itide VI. 

To the time shown by chrononiotcr, nj)])ly its error on 
Greenwich mean time; adding if error is slow, and sub- 
tracting if error is fast, on Greenwich meantime; tlie ivsult 
i.*i the Greenes ich date in mean time. Sometimes 12 hours 
must be added to this result, and tlu' day put one back. 
This uncertainty may be remo%‘ed by getting an aj)proximntc 
Greenwich date in the usual way by meaiiH of shi]) mean 
time and the estimated longitude; if the dilfereiuH* between 
the Greenwich dates found by tlie tw(» methods is nearly 
12 hours, then tlie Greenwich date hj/ chronometer must be 
increased by 12 hour.‘», and tlu* day ]>ut one day back, if 
necessary, so as to make the two dates agnM* both in tlu^ 
day and hour nearly. 

The following examples will remove un\ doubt as to 
putting the day one back, or not. 


EXAMPLE. 

July 10th, 1853, at G’’ 31"' i*.M. moan time nearly, in 
longitude 00° W., a chronometer showed 10*‘ 42"* 3", its 
error on Greenwich mean time being 2"* IG* fast ; required 
mean time at Greenwich, or the Greenwich date. 
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Greenwich date \if chronometer. Greenwich date approximately. 

July 10th, chro. . 10^ 12™ 3* Ship, July 10th 6*‘ 34™ 

Error on G. M.T. 2 10 long, in time . 4 0 W. 

Gr. July 10th . . 10 39 53 Gr. July 10th 10 31 

As these two results come out near to each other, the 
correct Greenwich date is July 10th, lO** 39™ 53*. 

EXAMPLE 2. 

Aug. 3rtl, 1853, at 5*' 42™ p.m. mean time nearly, in long, 
by account 150® 30' W., a chronometer showed 3*‘ 23™ 15*, 
and its error on Greenwich mean time was 10™ lO" ! slow ; 
required tlie Greenwich date. 

Oreenwirh date fiy chronometer. Greenwich date approximately. 

Aug. 3rd, at . 3*' 23'" 15* Ship, Aug. 3rd. S** 42™ 

Error ... 10 lO'l long, in time . 10 2 

Aug. 3rd . . 3 33 25 1 Gr. Aug. 3rd . 15 41 

Add . . . .^12 

Gr. Aug. 3rd . 15 33 25*1 

In this example 12 hours must be added to the Greenwich 
date by chronometer, without putting the day one back. 

BXAUPLE 3. 

March 10th, 1853, at 2’' 10™ a.m. mean time nearly, in 
longitude 20° 42' E., a chronometer showed O’' 2™ 50*, and 
its error on Greenwich mean time w as 45™ 10* slow* ; required 
the Grt'cnwich date. 

Greenwich date hy chronometer. Greenwich date approximately. 

Mar. lOtli . . O’* 2™ 50* Ship, Mar. 0th . 14*' 10™ 

Error . . . 45 10 long, in time . 1 23 E. 

Mar, loth . . 0 48 0 Gr. Mar. Otii . 12 47 

Add .... 12 
Gr. ^lar. 9th . 12 4S 0 

In this example 12 hours must be added, and the day put 
one back, to bring the chronometer Greenwich date more 
nearly alike to the estimated Greenwich date. 
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Find accurately the Greenwich dates iu the following 
examples. 


M. T. nfarlf. 


Lonf. Cbro. *hnw. ’ Err. ofrhrn. 


(27^ Aufr. 10 !»> 20-r.M.! 35^ 42' W. 4‘‘ 2" l(f IS* 4.vefaHt 10 

(28} .lulr 13 3 42 a. M. 130 50 W. 1 30 0,10 N>6 kIowI 13 

(29,) June 10 10 42 I'.M. 42 0 K. 7 44 lo S 12-OHtow, 10 

(30) June 19 G 42 AJI. 60 60 W ■ 10 14 15 12 3 7 fast ' IS 

(31) Sept. 3 10 42 a.m. 19 16 I'.. 9 10 4.5 12 16 3 rI»» | 2 

(32;IKS‘. 30 11 4.5 iMl.'llO Ho \\ .' 7 10 :K» 9 60 faBt |30 


Aniwm 

Sh 43~ 24 0 
1 40 6<»« 
7 62 22 
22 2 11 3 

21 23 0 3 

19 1 2.5 


CHAPTER TV. 

EXPLANATION AND ISE OF THE NAUTK’AL ALMANAC. 

The Xai’TICAl Almanac contains the dt'clination, right 
ascension, Ac., of the principal ln*avt‘nly bodit's, for certain 
fixed tinie.sttt (in*enwich. The declination and rigid ascen- 
sion of the sun and planets arc given for every day at. 
Qh Qm Qs; for the moon, for every liour at Greenwich. To 
obtain these (jiiantitit's for any oIIht time, we may (‘itlier 
apply the common rules of proportion ; or — wliicb is in most 
cases the simplest met bod — make use of certain tables 
computed for tlie purposi*, culled tables of proport wnal 
logarithms. Tlie tables of jiroportional logarithms contained 
in most collections of nautical lablc.s are Ibe following: — 

1. The proportional logarithms (jirojicrly so called). 

2. The Greenwich dato proportional logarithm of tlic 
sim. 

3. The Greenwich date proportional logarithm of the 
moon. 

4. The logistic logarithms. 

Their use will be best seen in the following rules and 
examples. 
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Rules for taking out of the Nautical Almanac the sun's 
declination^ ^^c. 

The sun’s chanpfo of declination, and the method of deter- 
mining its amount at any given time, may be illustrated by 
means of a figure. 

Let A X b(‘ the celestial equator, a o the ecliptic, and 

the places of tlu* sun on the 
27th and 2‘^ih April, 184G, 
at Greenwii'h mean noon; 
tlien at 10 o’clock on the 
” 27th it must be at some in- 
termediate point, as at s ; and arc* the deelinati(»n 

of the sun on the 27th ami 2Sth at noon, and s u tlie 
declination at the r('<jiiire(l time. s, parallel to 

the equator, then in^ is the change of the sun’s declination 
in 24 Ijours, and s m the change in 10 hours , and if we . 
suppose the sun’s motion in the eelipti<' during the 24 hours 
to be e<]uable, and a tew minutes only, so that the 

lines drawn in the figure may be considered as straight 
lines, we hav(‘ this proporti<m : 

s ju : s„ ///„ : : lOt' : 24*‘ 

lTenc(‘ s m is easily found, since s„ the change in 24 
hours, is known by means of the Nautical Almanac. And 
in a similar manner may be explained the method of taking 
out, for any required time at Gn'cnwich, the other quantities 
given in the Nautical Almanac. 


7?w/c Vll. 

To fake out the sun's declination. 

First method. By proportional logarithms. 

1. Get a Greenwich date; thus, put down the ship mean 
time expressed astronomically. 

2. Under which put the longitude in time. 

3. Add in xvest, subtract in east longitude (adding or 
subtracting 24 hours, according to the Rule L p. 71). 
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4. Take out pf the Nautical Almanac the sun’a decima- 
tion for two eoneccutive noons between which the Green- 
wich date lies. 

5. Take the diffen^not* of the declinations when their 
names are alike ; but w hen the names of tlie declinations 
are unlike, take their bum ; thus linding the change of 
declination in 24 hours. 

(). Add together (mviiwich date logarithm for the sun 
and proportional logarithm of tlu‘ change in 24 hours; the 
result is the proportional logarithm of change of deelination 
for the given time, which tak»‘ from the Tables and apjdy to 
the declination at first noon, I'ither by suldraeting or adding 
it, according :is the di'clination is seen to be decreasing or 
incrt'asing. 


Huh VJII. 

Second method. By hourly difler(‘nces. 

Another m('th(»d (»f taking out tlie suiTs detBnation, is 
to make use of tlie hourly changes of ileclinatioii given in the 
Nautical Almanac. 

1. Find a Greenwich date as before. 

2. Tak(‘ out of the Nautical Almanac the declination at 
noon of the Greenwich date, and j)ut down a little to the 
right thcmif the difference for one hour found in jinge 1 of 
tlie Nautical Almanac. Multiply this ijuantity by the liours 
in Greenw ich date, and tlu* fnu^tional jiarts of the hour if 
necessary, the product w ill bi* the change of declination in 
the tiim‘ from noon; ajiply tliis, reduced to minutes and 
seconds, to the deelination taken out, adding it if the 
declination is seen to be increasing, and subtracting if 
decrca.sing. The result is the declination of the sun at 
the time required.* 

* Tlio oorrections of the qtiantitiefl taken out of tlic Nautical 
Almanac are often uiaJc hy iruj/ectum : the results thus obtaiuod aro 
generally considered sufiBcicntly correct. 

K 2 
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1. March 2, 1853, at 4*' 23® p.m., mean time, in long. 
32® 42' W., required the sun’s declination. 

Ship, ^farch 2 ... 4^ 23™ 

Long, in time ... 2 1 1 W. 

Greenwich, March 2 . 6 34 


Sutj’a doclinaiiun. 


2 7" 7' 0" S. 

„ 3 r, 41 2 S. 

22 58 

Grociiwich date 0 . . 50287 
Prop. log. 22' 58" . . . 81M17 
1 -45704 

(%>r 0' 17" 

8uu'e declination . . 7 0 43 8. 


Or thus, by hourly difference. 
March 2 ... 7® 7' 0" S. 

Hourly ilifr. . 57''4 docrcaaing 

6 

344 -4 diff. for C 
30 "’ . ^ 28 -7 

3 . 2-0 

1 . i -9 
tio > 370 -0 

Ci>r. . , . tJ 10 0 


Or ... 6 17 
March 2 . . . 7' 7 0 8 
Stiii’a dccl. . . 7 0 43 S 


2. March 21, 1851, at 10*' 42® a.m. mean time, in long. 
15® 30' W., requirt'd tlie sun’s declination. 

Ship, [March 20 . . . 22** 42® 

Long, in time ... 1 2 W'. 

Greenwich, March 20 . 23 44 

20. . . . 0® 16' 42' S. 

21 ... . 0 6 50 N. 

23 41 


00485 

8S0S3 

88568 

Cor 23 25 

Sun’s decl. . .0 6 43 N 
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(33.) May 20, 1850, at 5** 30® p.m. moan time, in long. 
05° SO' E., required the sun’s declination. 

Ans. 19° 57' 22" X. 

(34.) May 16, 1850, at 7*' 50® a.m. moan time, in long. 
120° 0' E., required the sun's declination. 

Ans. 18° 57' 48" N. 

(35.) Mareli 23, 1850, at 3** 20® p.m. mean tinu', in long. 
9° 0' W., rt^quin^d the sun's declination. 

Ans. 1° 3' 53" X. 

Tllenienfit from Xautical Almanac. 

May 10 19° 45' 6' X. . May 20 10° 57' 40"X. 

May 15 IS 50 52 X. . MaylO 10 1 55 N. 

March 23 1 0 6 X. . ^ I arch 21: 1 23 43 N. 

liulc IX. 

To take out the equation of time. 

1. Get a Grt'cnwich date. 

2. Take out the equation of tinu* for two consecutive 
noons betwetm which the Grecfiwlrlj date lies, nnd take 
their diffenniee. 

3. Add together the Gn'onwich date lognritlnn for sun 
and pro]»ortioual logarithm of ditl'crence : tin- sum is the 
pn)portional logaritlim of correction, whicli fiml from tl»e 
table, and apply it with its proper sign to tin* (apiation of 
time first taktui out; the re.sult is the equation of time 
required. 

Or thue^ hy hourly differences. 

1. Take out the e<|uation of time for tlu* noon of Green- 
wich date and the hourly ditrerence o])j)o.site tlierelo. 

2. ^Multiply hourly dilference by the houi*s of the Green- 
wich date, and, if great accunwy is required, by tiie fnus 
tional parts of hour in the Greeriw ich datt* ; the result will 
be the correction to be applied with its proper sign to the 
equation of time taken out. 
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EXAMFLE. 

July 12, 1853, at 5*^ S® a.m. mean time nearly, in long. 
160^ AV., required the equation of time. 

Ship, July 11. . . . IT** 8™ 

Long, ill time .... 10 ^ AV. 

Greenwich, July 11 . . 27 48 
Greenwich, July 12 . . 3 48 


Equation of time. 

Or thu8, by hourly difference. 

12 

3 ™ 13-7 

Diff. for 1 hour . . 0*-308 iucr. 

13 

3 23 1 

3 


7 -4 

0 -924 

Groonwich d. log. sun . 

0-S0II43 

so i *134 

Prop. log. 7"'i , . . 

310410 

15 4 -077 

Prop. log. cor. . . . 

3iM.>402 

Cor 1 135 

Cor 

12 

Or, . . 1-2 

K<|uatiou ruqttirod . . 

3 16 *D 

12 6® 13 -7 



Equation rc(iuired 3 10 '9 

Find the equation of time in the following examples : — 

(30.) Mtirch 2, 1833, at 

10"‘ j*,M. moan time in long. 38® 42' W. 

(37.) „ 10 

3 42 A. 

M. „ „ 152 43 W. 

(3S.) „ 2D „ „ 

10 42 A.M. „ „ 87 8 K. 

UlcmentK from yau/iraJ Almanac. 



Dlff. 1 lM)ur. 

Kq. of time March 2 

12"’ 22*'l 

March 3 le*" 9-3 . 0-5? 


8 48 -4 . 

„ 17 8 30-8 . 0-72 

M „ 28 

3 l> 0 . 

29 4 50 -4 . 0 -77 

Answers to (30), (37), (3S) 


12“ 17-4 

}S“ 

45*-5 5“ 3-7 


Itule X. 

To taJee out the mootis setnuUa meter and horizontal parallax. 

The moon’s semidianieter and horizontal parallax are put 
down in the X'autieal Almanac for every mean noon and 
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mean midnight at Greenwich : to find tliesc quautiiii's lor 
any other time we may proceed as follows ; — 

First. To find tlie moon’s seuiidiameter. 

1. Get a Greenwich date. 

2. Take out of the Kautical Almanac the moon's semi- 
diameter for the two times between which the (Ircimwich 
date lies, and take the difiiTence. To the Gn*en\vich date 
logarithm for nmon add the ]»roportional logaritinn of tlu* 
difference just found ; the result will lx* the proportional 
logarithm of an arc, which being found and added to the 
semidiameter first taken out, or subtracted lluTefroiu 
(according as the semidiamctc'r is imu-t'asing or decreasing), 
will be tho semidiaineter at the given time. 

Srromi. To fuid the moon’s horizontal parallax. 

Proct*ed in a similar maniu*r to that poiul(‘d out above 
for finding the moon’s semidiaineter. 

EXAMPI.IIH. 

1. August 3, 1S53, at 10'“ i-.M. mean tinn* nearly, in 
long. 4S' 12' W., required the moon'.s semidiamcler and hori- 
zontal parallax. 


Ship, 

August 3 

. . 10™ 


Loiil 

^ in time . 

. . 3 ir, w. 


Greenwich, Aug. 

3 . r 25 


n>NtitV 


A 3, at noon . 

1 5' C"c> 

Auguht 3, at luKiii 

. f..v 2 (r -8 

„ mid, . 

l.'i 10-0 

„ mid. 

. nn 35 -.3 


4 0 


14 -7 

Or. il. 1 f'tr iiicon . 

•1S(M>4 

(Jr. d. loi:. for moon 

•18004 

Prop. log. f< r 4'' o . 

3-431 :u; 

Pn*p. log. for 14''-7 

2-HOOll 

Prop. log. cor. . . 

3-01200 

Pr<»]i. log. cor. 

3-04076 

Cor. 

2 '6 

Cor 

0 7 

Ketpiirod scuii, . . 

15 0 '2 

lloqiiirctl hor. par. 

. 55 30 -3 

2. July 11, lho3, at 0** *42"* 

A.M. mean time 

nearly, in 


long. 30’ W., required the moon’s semidiaineter and hori- 
zontal parallax. 
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Ship, July 13 ... . 18*» 42“ 
Long, in time .... 2 0 "W 

Greenwich, Julv 13 . . 20 42 


Moon’s soniidiametor. 

July 13, mid. ... 16' 2'^-7 
„ 14, noon ... 1C 7 *5 
4 *8 

Or. d. log. moon for8*'42®* *13988 
Prop. log. 4 "-8 . . . a-Ii.VJlS 
IVoj). loi.'. cor, . . . li-4i<lH4 

Cor 3 f. 

Ko'juircd Hotni. . . . 1C C *2 


Moon's horizontal parallax. 


.July 13, mid. . . . 

58' 45"*8 

„ 14, noon . . . 

59 3 *5 

17 -7 

Gr. d. log. moon for 8** 4 

2"’ 13966 

Prop. log. 17"*7 . . 

2*78545 

Prop. log. cor, . . 

2*92511 


12 *8 

Ilo<iuired hor. par. . 

58 58 *6 


Find the sfinidiaineter and horizontal parallax in 

the following (‘.vainpleH ; — 

(39.) March 2, lyiia . . at C^* 42"’ r.M. . . in long. 100^ O^W. 
(40.) „ 14 „ . .at 3 .30 a.m. . . „ 120 0 \V. 

(41.) „ 24 „ . . at lo 10 r..M. . . „ CO 42 E. 

JElrmruts from Xautical Almanac. 


Moon's .srniiil{ani('t(>r. Mfton's horiznntnl partilliix. Answers. 


March 2, tuul. 

1C' 

.V'l 

Mitl. 

58' 

54 "*7 

Semi. 

16' 

4"T 

., 3, noon 

1C 

2 1 

Nt»on 

5S 

43 *C 

H.P. 

58 

53 *4 

March 1 3, mid. 

14 

4S -9 

Mid. 

.54 

15 -7 

Semi. 

14 

47 *9 

5 

c 

14 

47 -8 

Noon 

54 

11 5 

H. P. 

54 

11 *7 

March 24, noon 

IG 

18 *7 

Noon 

59 

44 *C 

Semi. 

1C 

21 *1 

„ 24, mid. 

1C 

23 *7 

Mid. 

60 

1 8 

11. P. 

59 

53 1 


* When the (Iroenwich date oxccods 12 hours, ns in this example, 
look out the (Jiveinvich date loganthui mot*n for the excess of the 

Groenwioli djite above 12 hours. It is better, however, in examples of 
this kind, where the difl'erences are small, to estimate the correction 
at iipht, without using logarithms ; after some experience this is easily^ 
done ; the above method, however, by moans of logarithms, should be 
adopted by beginners. 



rSE OF NAUTICAL ALMANAC. 


SI 


Huh XL 

To take out the sun*g right a9cen*ion. 

1. Got a Grocnwich date. 

2. Take out the riglit ascension f(jr two consecutive noons 
Ix^tw’een which the Greenwich date lies, and take their 
difference. 

JL Add together ilie Greenwich date logarithm for sun 
and proportional logarithm of difference; the sum will he 

the proportional logarithm of correction to be added to the 

right ascension for noon of Greenwich date. 

KXAMri.E. 

July 13, 1^03, at (>•* 31*" a.m. mean time nearly, in long. 
172' 10' AV., re(piired the sun’s right nseensiou. 

Ship, July 12 . . . . I S*' 31"* 

Long, in time .... 11 20 \V. 

July 12 30 O 

(ireenwich, July 13 . . 0 0 

Sun’s right ascen. July 13 7 30' 30' 

„ ,/ 11 . 7 31 33 

4 3 

•(»()200 
1 (M7 s2 

2210SS 1 1 Cor. 

Sun’s right ascen. rcipiired . 7 31 31 

Lind the sun’s right ascension in tht' following examph‘R: — 
(42.) March 11, lS51h at tJ** 42"* p.m. mean time, hm^. 42" 41' W, 
(48.) „ 21 „ „ 10 10 a.m. „ „ 100 41 E. 

(44.) „ 21 „ 0 0 „ 142 14 W. 

Elements from Xauthnl Almanac. 

Sun’8 right asc. March 1 1 23** 26"* 20-3 March 12 23“ 30- (5-6 

„ „ 20 23 20*0 „ 21 0 2 C8 2 

„ „ 21 0 2 58 -2 „ 22 0 6 36 *4 

Answers to (42), (43), (41) : — 

23** 27“* 53* 3 0** 10* 0 0** 4"* 24* 2 

X 3 
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Huh XII. 

To take out the moon's declination and right ascension. 

The moon’s declination and right ascension are recorded 
in the Nautical Almanac for the beginning of every hour of 
mean time at (ireenwich. T(» find them for any other time 
we may prciceed as fallows ; — 

First. To find tlie moon’s dt‘clination for any given time. 

1. Get a Greenwich date. 

2. Tak(‘ out of th(‘ Nautical Almanac the moon’s declina- 
tion for two consecutive hours between which the Greenwich 
dnt{' lies, and take t]u‘ difb'rcuKM*. 

8. Add together the logistic logarithm of minuk»s in 
Greenwich date and proportional logarithm of ditlerence, 
tlie sum will be the proportional logarithm of correction, 
which take from the tuhle and aj>ply it to the di^clination 
for the hour t»f (ireenwicli date, adding or subtracting 
according as the declination is setui to be increasing or 
dt'creasing. The result is the declination required. 

Second. To take out the moon’s right asconBion. 

Proce(‘d in a similar manner to that point<‘d out above 
for finding the moon’s declination. 


exampi.o. 

Jnnuarv 21, isr»2, at 5'* 10"‘ r.M. mean time, in long. 
(KV" 10' W., tind the moiufs right ascension and declination. 
Ship, January 21, at . . 10™ 

Long, in time .... 1 1 AV. 

Grtvnw'ich. January 21 . 0 11 


BIcvid’h rl{;ht asovusion. 

Jan. 24, at U*- . . 2J‘' 

1 ^ 
1 55 

•73f.7r) 

1- 97273 

2- 70949 0 21 


Mixiirrt decUnntion. 

.T.m. 24, at 9^. . 10° 14' 23"^ 
10 . . 10 4 5 & 

10 18 

•73676 

1-24244 

1-97920 1 53 


23 9 87 


10 12 30 i 
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(45.) June 2, 1852, at 2^‘ 30“ p.m. mean time, in lonp:, 
53^ 15' find the moon’s right ascension ami declination. 

Ans., Kight asceu. 11“ 53‘ 
Declination. 2F 15' 54" S. 

(4G.) Sept. 7. 1852, at 4’* 15“ a.m. mean time, in long. 
50" 30' E., find the moon’s right ascension and declination. 

Ans., Eight ascen. 5'* 5“ 17“ 

Declination 2V 17' 12" N. 

(47.) duly 10, 1S53, at 9*^ 30“ a.m. mean time, in long. 
2U' AV., find the moon’s right aaciuision and declination. 

Ans., Kight ascen. 10*‘ 3(>“ 34* 

Dtrlimition i r 14' 32" N. 


IClemenIft from Xavtical Ahnnunr. 


M. 

itii's ri^ltt usmiHlciii. 

\u 

xai'k ()• 

liiiatioM, 

June 2, at 

17‘‘ 

11“ 

45^ . . 

. 2T 

15' 

30" S. 

7 

17 

1 I- 

17 . . 

21 

21 

31 S. 

Sej)t. 0, at 12 

5 

4 

13 . . 

21 

14 

;ti N 

13 

5 

(J 

22 

21 

20 

1 N 

July 1(1. at (1 

10 

35 

3S . . 

. 14 

19 

42 N 

1 

10 

37 

43 . . 

, 1 1 

S 

13 N. 



Itulc XI IT. 





To tul'C out the asernaion of thr menu /tun {railed in the 
y^autical Almanac mdrreal time). 

The right asceiisif)n of the mean sun, or the Hidcireal tiim* 
at mean noon, is given in the Nautical Almanac for every 
day at mean noon. To find it for any other time wc may 
j)rocecd as in the rule for finding the right ascension of the 
apparent or true sun ; but as the motion of the mean sun is 
uniform throughout the year fthe motion in every 24 hours 
being 3“ 5(i“-555), the change in any given number of hours, 
minutes, and etx*onds is more easily found by means of a 
table. This table is given in the Nautical Almanac, and 
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may be sought for in the Index under the title of “ Time 
Equivalents, table of.” 

EXAMPLE. 

July 23, 1853, at 2^ 42™ p.m. in long. 80° 42' E., required 
the right ascension of the mean sun. 

Ship, July 23 ... 2^‘ 42™ 

Long, in time ... 5 23 E. 

Greenwich, July 22 . 21 9 

Hight aHCtuiaiun mean Kun. Or thus, by table. 


July 22 ()■“ 3.V July 22 .... 8“ 0" 85* 

„ 2!J S 4 82 Cor. for 21'' . . . 3 27 


8 57 - ^ * • • 

•054 yo 8 4 3-5 

Vr.SHtlK 

1-7185K 8 20 

Right asc. rnuuu muu 8 4 4 

Piiid the right asci'tision of ine.in sun (called in the 
Nautical Almanac sidereal lime) in tlu' followingexamples: — 
(48.) March 2, 1H58, at In'* 42"* p.m. mean time iu long. 48“ 10' \V. 
(40.) 1.^ (> <; A.M. „ 100 0 W. 

(50.) „ 21 „ .. 10 lu r..M. „ 100 0 E. 

Elrmt^nts from Nautical Almanac and ansiccrs. 

Sidereal time March 2, at noon. 22'* 40™ 44* 0 . Ans. 22'* 43™ 2*'0 

„ 15 „ 23 82 0-1 . „ 28 82 7*0 

„ 21 „ 23 55 30 -4 . 28 5C 13*9 

Itnlc XIV. 

To taly'e out the lunar distances for any given time at 
O rccnicich. 

1. Get a Greenwich date. 

2. Find twn consirulive distances in the Nautical Almanac 
at times bi t ween w hich the Greenw ich date lies. Take the 
ditfereucc of the distances. To the proportional logarithm 
of the excess of the Greenwich date above the first of the 
times taken from the Nautical Almanac add proportional 
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logarithm of difference of distances : the sum will be the 
proportional logarithm of an arc ; which arc being applied 
to the distance at first time with its proper sign will be the 
distance required. 

EXAMPLE. 

September 21, at 6^ 10™ p.m. mean time nearly, in long. 
60° 15' W., r(‘quired the distance of Aldebaran from the 
moon. 

Ship. Sept. 2t. . . . 6»‘ 10™ 

liong. in time .... 1 1 W. 

Greenwich, Sept. 21th .10 11 


DiHUinro of .Mdrbarnn. 



At O'- . 

. 1S° 

57' 

35^ 


12 . 

. 20 

23 

37 

Proportional log. . 

. 32(Mil . 

. 1 

26 


Prop. log. 1 1™ . 





Cor 

. 72162 . 

. 0 

33 

56 

Dist. of Aldebaran at 6'‘ 10™ p.m. 

. 19 

31 

31 


Heqnired the distance of tlu* moon from certain stars in 
the following exam|>](‘s : — 

(51.) Jan. 21, at 1** 30™ p.m. mean time nearly, in long. 
30° 30' E., retjiiired the distance of lt<*gulus from the moon. 

A ns., 61P 33' (>". 

(52.) May 20, at 6^ 20™ a.m. mean time nearly, in long. 
10° 0' E., re(juired the distance of a l^i'gasi from the moon. 

A ns., 56° 59' 7 '. 

(53.) June 10, at 9** 40™ p.m. mean time m^arly, in long. 
32° 45' W., required the distance of a Aquila) from the 
moon. A ns., 70° 32' 35*. 

(51.) July 2, at 7^ 20™ a.m. mean time nearly, in long. 
30° O' E., required the distance of Jupiter from the moon. 

Ans., 54° 16' 52*. 

(55.) Sept. 19, at lO** 30™ a.m. mean time nearly, in 
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long. 63® 15' E., required the distance of Aldebaran from 
the moon. Ans., 72^ O' 51". 

(56.) Dec. 15, at 2^ 0™ p.M. mean time nearly, in long. 
19® 40' E., required the distance of Pollux from the moon. 

Ans., 58° 56' 47". 


Elements from Nautical Almanac. 


Distance of IlcguluB 

at noon 

68“ 

ir 

17" 

. at 

69° 

5(y 

50' 

„ a Pegafii 

„ 15‘' 

57 

17 

6 

» 18 

55 

56 

9 

„ a A(iuilpD 

» 

75 

50 

46 

M 12 

74 

28 

9 

„ Juiiiter 

„ 15 

55 

41 

18 

„ 18 

53 

62 

44 

Alduliaraii 

„ lb 

7- 

0 

14 

M 21 

70 

40 

29 

„ Pollux 

„ noou 

58 

32 

51 

„ 3 

60 

17 

54 


In tlio rule for finding the longitude hy lunar observa- 
tions, wc* have to ascertain the true distance of the moon 
from some heavenly liody at the time of obsiTvation. If 
the heavenly body is one whose distance is recorded in the 
Nautical .Almanac for every three hours, we may find the 
mean time at Greenwich corresponding to the true distance 
comjiuted for the time of observation as follows : — 


Huh XV. 

To find the time at Greenwich corresponding to a given distance 
of a heaven} g hodg from the moon. 

1. Under the given distance put down the two computed 
distances of the same heavenly body found in the Nautical 
Almanac between which the given true distance lies. 

2. Take the difTerenee between the first and second, and 
also between the second and the third. 

3. From the proportional logarithm of the first diflerence 
subtract the proportional logarithm of the second difference, 
the sum is the projKirtional logarithm of the additional time 
to be added to the hours of the distance first taken out of 
the Nautical Almanac ; the result is the mean time at 
Greenwich corresponding to the given distance. 
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EILAMPLES. 

November 22, 1853, the true distance of Saturn from the 
moon was found to be 77 ° 52' 45”, required Greenwich mean 
time. 


By observ. true distance . 

. 

77° 

52' 

45" 

In Naut. Almanac dist. at . 

3^ 

77 

14 

40 



6 

78 

47 

24 

Prop, logarithm 

•67454 . 

. 


38 

5 


•28804 . 


1 

32 

44 


•38650 Cor. 

1^ 

11“‘ 

55* 


Adding 

3 



Greenwich mean 

time Nov, 

22 

4 

11 

55 


Find mean time ut Oroenwieii from cacli of tlK3 following 
observations : — 

(57.) November 2i, when true distance of Aldc- 
baran was 9JF HS' 1.5". Ans., 57'" 1S“. 

(5S.) Sept. 24, ISoJl, when true distance' of Jtcgulus was 
58"^ 45' 8". Ans., 1(V‘ 3"‘ 0“. 

(59.) Afay 27, 1853, wlicn true di.'itaiicc of tlic sun was 
110"^ 8' 50".’ Alls., M'' 2"* 22\ 

Elements from Nautical Almanac. 

Dist. AKlebarau, Nov. 24, nt . 1*.'!^ 7' f.T" at JU" 44' r»2'' 

„ llej,ailu8, SopL 24 . la . ]♦! 1C, „ IS . .07 47 27 

„ Sun. May 27 . . . „ mid. .Ill 12 57 „ 15 .I(»U US o(i 

To t alee out a jilancf 8 riiflit axcruKion ami tIccUnation. 

Proceed as in tlie similar rules for finding tlie sun’s right 
ascension and declination (pp. 74, SI). 

The rules above given are suflicieiit to enable the student 
to acquire a knowledge of the principal contents of the 
Nautical Almanac. They will Ik* (Continually referred to 
in the subsequent rules fur finding the latitude and 
longitude. 
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We have supposed in the above examples the motion of 
the heavenly body to be uniform in the interval between the 
Greenwich times taken out of the Nautical Almanac. This 
is seldom the cas(‘, although in most of the questions in 
Nautical Astronomy it may be so assumed without any 
practical error. AVhcn, however, very accurate results are 
required, n eornjction must ])e used, called the equation of 
second diffrreiwes. Tin* Investigation of this equation, and 
examples of its application, must be postponed for the 
present. 


CHAPTER V. 

PREUMINART PRORI.EMS A>*D RULES IM NAUTICAL ASTRONOMY. 
CORRECTIONS FOR PARALLAX, REFRACTION, CONTRACTION OF 
THE moon’s SEMiniAMETEIt, AND DIP. 

Given, UK'an sohir time, and the equation of time, to find 
the apparent s(»lar time; or. 

Given, apparent solar time, and the equation of time, to 
find mean atdur time. 


Ihile XVI. 

1. Get a Greenwich date (p. 70.). 

2. Correct the equation of time for this date (p. 77). 

3. Apply the equation of time with its proper sign (as 
shown in the Nautical Almanac) to tin' given time. 

4. The result is the time required. 


1. April 27, 1S4G, at 10“ p.m., mean time, in long. 
16® \V., required apparent solar time. 

Ship, April 27 .... 9^ 10“ 

Long, in time .... 1 4 W. 

Greenwich, April 27 . 10 14 
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K<) nation of Time. 

(rago ii. Nautical Almanar.) 

27 . . . .2*“ 26-y atUI to 

28 . . 2 *4 lu. tiuio, 

y i 

Ship, April 27 9*' 10- 0* m. time PropMoR*. 

Eq. of time . 2 31 -0 3 <020 

Ship, April 27 9 12 31 0 npp. time ~ — 

retjuiretl. 3‘12MtO 4 1 

2 31 Ooq.oftirao. 

2. Juno 22, 1852, at 5** 42™ p.m., apparent solar time, in 
long. 100° 30' E., required moan solar time. 

Ship, June 22 .... 5*^ 42™ p.m. 

Long, in time ....(> 42 E. 

Greenwich, June 21 . . 23 0 


Rqnatlon of timo. 
i. Nautical Almanac.) 
DifTerenai for 1 hour, U*'.V4. 

21 .... 1- 27**2 add h> 

22 ... . 1 40 -2 app. time. 

13 -0 

23x54 . . 12-4 


Ship, June 22 . . S** 42- 0* 
Eq. <)f time . . . 1 39’(1 + 

.'.meantime. . 5 43 39 0 


(00.) July 4, 185.3. a1 0*‘ 10™ p.m. mean time, in long. 
100° W., retpiircd apjiaront solar time. Ann., (>’• 5™ 53'*'2. 

(01.) Dee. 10, 1853, at 4'* 42"' r.M. appanuit solar time, 
in long. 80° 45' W., required mean solar time. 

Ans., 4^' 35™ 1K»1. 

(02.) Eel). 23, 1848, at 10** *40™ a.m. apparent solar time, 
in long. 1° 0' W., required mean solar time. 

Ans., 10‘' 53™ 43*-5. 

JSlrmentit from Nautical Almanac. 

Etjuatiou of time July 4 4- 1*1 auh. July 5 . 4- 11**7 tmh. 

„ Dec. 10 . 8 53 '6 auh. Dec. 11 . 8 25 '8 sub. 

„ Feb. 22 . 13 51 0 a<i(l. Feb. 23 . 13 43 1 a<ld. 
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Buh XA'II. 

Given, mean solar time, to find sidereal time. 

1. Get a Greenwich date (p. 70). 

2. Correct the right aflceusion of tho mean sun by the 
table (p. S3), or by pro])ortioiial logarithms, or otherwise for 
the Greenwich date. 

3. Add togetlier tlie corrected right ascension of mean 
sun and mean tiuK' at the ship. 

4. The sum (rejecting 21 hours if greater than 21 hours) 
will be sidereal time. 


EXAMri.ES. 

Peb. 21, IMS, at 10*‘ 30* a.m. mean time, in long. 

(]' W., required sidereal time. 

Ship, Vvh. 23 .... 22^ ‘10’» 30* 

Long, in time. ... 0 4 24 

Greenwich, Feb. 23 . . 22 41 51 


Kl}jht AWfiislKi) meun Kun. 


23 ... . 

22*' 

10*“ 

3*02 

Cor. for 22'* . 


3 

36 S 

„ l-l"* . 



7 -SS i-by 

„ 54* . 




Kight ase. mean 

sun 22 

13 

17 74 

Ship mean time 

22 

10 

30 -00 

Sidereal time . 

. . 20 

51 

17-74 


(rejecting 2 

1 hours.) 


(63.) July 10, 1853, at 0** 12’“ 10* i*.m. mean time, in 
long. 81*^ 42' AV., required sidereal time. 

Ans., 7^* 56*“ 29«'7. 

(64.) Sept. 30, 1853, at 6*’ 42"* 10* a.m. mean time, in 
long. ItK'*^ 12' AV., required sidereal time. 

Ans., 7** IS*" 5S‘ 59. 
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(65.) Dec. S, 1853, at lO*' 10“ 42" r.M., moan time, in 
long. 18^ 32' E., required sidereal time. 

Ana., 3^‘ 20“ IT*. 

Elements from Xatitical Almanac. 

Eight ascen. mean sun, July 10 . 7*^ 13“ 17**14 

„ Sept. 30 . 12 36 34 *64 

„ Dec. 8 .17 8 36 ‘96 

liule XVllI. 

Given, apparent solar time, to find sUcreal time. 

1. Get a GrtHMiwicli date (]>. 70.) 

2. Correct tlie equation of time and also tlie right aacen- 
sion of the mean sun for Greenwich date (pp. 77, 83). 

3. Apply corrected eejuation of time to isliij) aj)parent 
time, and thus get ship mean time. Then, as in the last 
rule, 

4. Add together ship mean time and right ascension of 
mean sun. 

5. The sum (rejecting 2t hours if greater than 24 hours) 
will be sidereal time. 

tX.VMl'LKS. 


May 21, 1853, at C*' 8’" 40“ a.m. apparent solar time, in 


long. 20 ° 20 ' AV., required sidereal time. 


Shij), May 23 . . 

. IS»‘ 8 "' 

40“ 

Long, in time . . 

1 21 

20 W. 

Greenwieli, ^fay 23 

. 10 30 

0 

of time. 

UiKlit ftMCi’nslon m«an tun. 

23 ... . 3’*' 33*-2 Huh. from 

23ril, at . 

4 h 4.11 2'*37 

24 .... 3 2s *3 aj)p. time. 

11 «“ . . 

3 7 -27 

4 y 

3*''" . 

. . 4 •1»3 

rn»p. log'll. 

•oyulh 

3*34323 

Ti. A. iiusan Bun 

. . 4 7 14 *^7 

Sliip M. T. . . 

. . IH 5 IH-PO 

3-43341 .... 4-0 

Eq. of time 3 2le2 

S. apj). T. IP P 40-0 

Sidereal time. 

. . 22 12 25 -37 


May 23 . 13 3 13*3 Ship mean time 
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(06.) July 4, 1853, at 3** 42® a.m. apparent solar time, in 
long. 84® 42' W., required sidereal time. 

Ans., 22^ 35® 11-53. 

(67.) Oct. 21, 1853, at 8^ 48® p.m. apparent solar time, 
in long. 88® 8' E., required sidereal time. 

Ans., 22^ 32™ 30* S7. 

Elements from Kautical Almanac. 

Efiuatloii of time. Right ascen. mean aun. 

July 3, 3"* .'iO-l a<M 4, 4'» T l, mid . . on 3, 6*“ 45" 41»-24 
Oct. 21, 15 19 1 sub. 22,15 28 *1, sub. . . „ 21,13 59 22*26 


Itule XIX. 

OiveUf mntn time, or apparent time at the ship^ to find what 
heavenly body trill jxufti the meridian the next after that 
time. 

1. Got a Groonwicli date (p. 70). 

2. Find the right aHcension of the moan sun (and, if the 
Greenwich date is in apparent time, find also tiie equation 
of time, p. 77) for that date, so as to got moan time (p. 88). 

3. Add together ship moan time and the right ascension 
of moan sun. 

4. Tlio sum (ri'jectiiig 21 hours if greater than 24 hours) 
will bo sidereal time, or tin- right ai<e(Mision of tlie meridian. 

5. Tlion tl»at star fouml in some catalogue of fi.\ed stars, 
w'hoso right ascension is the next greater, will be the star 
rt'quired. 

EXAMPLE. 

Feb. 21, 1853, at 4^ 42® p.m. moan time nearly, in long. 
100° E., tind what bright star will pass the meridian the 
next after that date. 

Sliip, Feb. 24 .... 4** 42® 

Long, in time ... 6 K) E. 

Grt'enwich, Feb. 23 . . 22 2 
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Right asMiuiion tno«n nun. 


28 22M3“ 0-0 Ship, Fob. 24 . . . 4‘‘ 42» 0* 

22**. . 3 36 *8 Right asc. mean huu 2 j 16 46 

• • ^ Right asc. of merid. 2 f>8 46 

22 16 46 1 


Looking into the “ Catalogue of the mean places of KX) 
principal fixed stars” (Nautical Almanac, p. i.T2), we find 
the star whose right ascension is next greater than 2*‘ is 
a Persci; therefore a Persei is the bright star tliat will come 
to the meridian the next after P' 42"' p.xf. on Feb. 24. 

Sometimes it is requirt‘d to linrl what principal stars will 
pass the meridian between certain convenient hours for 
observ'ing their transits: as, for instance, la tween S** and 
11*' p.M. To do this, we must find the right ascension of 
the meridian for these two tinu's by th(‘ above rule ; then 
the stars whose right ascensions lie between will be the stars 
required. 

EX.\Mri.E8. 

Oct. 3, 1853, in long. 9(F W.. find what bright stars put 
down in the Nautical Almanac will ])ass the meridian be- 


tween the hours 

of 9 and ' 

12 i 

'.M. 




Slop, ( )ct. 3 . . 

<|h 

Ship. 

Oct. 3 . . . 

. 1 2“ i)' 


Long, in time . . 

. . 6 ti 

w. 

L«»iig. 

in time . 

6 0 

\N'. 

Greenwich, Oct. 3 

. . 15 0 


Ormi 

iwich, Oct. 3 . 

. 18 0 


Right 

luraii HUM. 



iiii 

I'nii Hun. 


Oct. 3 . . . . 

. 12“ 48'" 

24* 

Oct. 3 


12“ 48*" 

24* 

35“ . . . 

2 

27 


18“ . . . . 

2 

57 



■|1 



J2 51 

21 

Ship, Oct. 3 . . 

U 0 

n 

Shi{», 

Oct. 3 . . . 

12 0 

0 

Right asc. meridian 

o 

o 

51 

Right 

OMC. nirridian 

0 51 

21 


lli Catalogue p. 432, Nautical Almanac, the stars whoso 
right ascensions lie between 21** 50'" 51" and 0*‘ 51“* 2V arc 
from a Aquarii to fi Ceti inclusive.* • 


* In the “ Handbook for the Staro,” publiHhed by the author, there is 

a table of the times of the transits of the priuci])al hied stars. This 
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(68.) What bright stars put down in the Nautical Almanac 
will pass the meridian of a ship in long. 40° E., between 
8*^ and 10^ p.m. mean time on Nov. 20, 1853 ? 

Ans., From a Andromed® to a Arietis. 

(09.) AVhat bright star will pass the meridian of a ship in 
long. 30° W. the first after 10^' 30™ p.m. on Oct. 10, 1853 ? 

Ans., a Andromed®. 

(70.) AVhat bright stars will pass the meridian of a ship 
in long. 56° AV. between the hours of 6 and 10 P.M. on 
March 10, 1853 ? Ans., From ft Tauri to y Argus. 

(71.) What bright stars put down in the Nautical 
Almanac will jiass the meridian of (iroenwich between the 
hours of 7 and 9 I'.m. mean time, on August 20, 1853 ? 

Ans., From e Its® Alinoris to ft Lyne. 

(72.) AVhat stars named in the Nautical Almanac will 
])a88 the meridian of a ship in h»ng. K(r E., on Oct. 20, 1853, 
between the hours of 10 p.m. and midnight ? 

Ans., From a Andromeda* to a Eridani. 

(73.) A\"hat bright star will pass the meridian of Green- 
wich the lirst after 9'* p.m. on Sept. 12, 1853 ? 

Ans., a Cygni. 


jLlemenis from Xnufical Almanac, 


Kljtht asn'iisiiui nu'iiii mm. 


November 20 . 

15t‘ 

57™ 

39* 

March 10 . . . 

23 

12 

17 

October 10 . . . 

13 

16 

0 

August 20 . . . 

9 

51. 

56 

October 20 . . , 

13 

55 

26 

SeptemkT 12 . . 

11 

25 

37 


tAble enabU* the obderver to find Uie tiniue of the bright star that is 
on the iiieridiuxi ut any given time, and at any ]dace, witliout 
culculatiou. 
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Buie XX. 

Givejif sidereal time^ io find mean time. 

1. Take out of the Xautioal Aliuauat' tlio rij^ht a^^i'ousion 
of the mean sun (called in the Nautical Almanac sidereal 
time), for noon of the j;iven day. 

2. From sidereal time (increased if necessary by 2 1- hours) 
subtract the quantity just taken out, the remainder is mean 
time nearly. 

3. Find, in tlie table of the a(reh'ration of sidereal on 
mean solar time, the correction for thi.s time, and suhtnict 
it from the mean time nearly. 

4. The remainder is the mean time required. 

Note. — I n strietnoKs wo ought t.<» have onforod tlio taldo witlj tlio 
correct lucari tiiue. in-Hteaxl of that ; Imt it i*< evident we iiuiy 

ot>lain a tlo!»er a]>|troxiniation to the tJ*«jth l>y reiuMtine; the work, 
using tlie bust ajiproxiiu.ate value in8te!i<l of the preceding «uk'. For all 
I>ractical purpone.'^ this repetition in uniU‘coss:iry. 


1 . April 27, 1 U>, u hen a sidereal (*k»ek showed 3’* -K)"* 


require<l mean rime. 

Sidereal time 3*' 41)"' 4o'* l) 

Ri^ht as. mean sun at mean noon 2 20 21 'oH 

!Mcari time nearly 1 20 23 *42 

Cor. . . . F' . . O'-SO 

Xaut. Aim. 20’'* . 3 2^ 

p. 592. 23" . Of. 

13*20. 13*20 

Mean time required 1 . 20 10 *22 


2. March 2, 1S4S, when a sidereal clock showed 3*‘ 40"* 45", 
required mean time. 
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Sidereal time S** 40“ 45* 0 

Bight a»c. m. sun at m. noon 22 41 35 -94 
Mean time nearly .... 4 59 9 ‘06 

Cor. 4»» . 39« 43 

59“ . . 9 *69 

9* . . 02 

40 14 40 14 

Mean time required ... 4 5H 19 ’92 

The cloek of an ohscn'atory used for taking the transits 
of a heavenly body is generally adjusted to sidereal time : 
the above rule will show how to determine the error of a 
solar clock, or a chronometer regulated to mean time ; for 
we have only to note the time shown by the two instruments 
at the same instant by comparing the cbronomctcT with the 
sidereal clock at some coincident beat, the error of the latter 
being supposed to be known. 


EXAMPl.E. 

Greenwich, March 3, 1853, when a sidon'al clock showed 
(jh ](>ni 2 ()ii elironometer showed 7** 32“ 10*, reijuircd the 
error of the chronometer on Greenwich mean time; the 
error of sidereal clock being 2“ 42*'5 slow. 


Sidert*al clock 10“ 20* 

Error 2 42 5 slow 

Sidereal time G 13 2 5 

Bight asc. mean sun at mean noon 22 4*1- 41’48 

Cor. 7 ^ . . 1“ S-99 7 28 2102 

28“ . . 4 GO 

21* . . 05 

1 J3 G1 1 13 (>4 

Bequired mean time 7 27 7*38 

Chronometer showed 7 32 1 0 0 

x>r of chro. on Gr. mean time 


5 2 62 fast 
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When the cali'ulations art' math* fur any other meridian 
than that of Grt'eiiwieh, for which the quant it ios in tin* 
Nautical Almanac are calculated. w<* must take into con- 
siderati(»n the change of the mean sun's place arising from 
the differeiict* of longitude. For exaniph', the lahh's of 
the Connai^ganrr </e.v Irins art* computed for Paris, the long 
t»f which is P™ 2-’' to the east of Greenwich : a.s in that time 
the mean sun moves tt» tlu‘ t'astwanl through an arc ol P oll 
in tinu* (for -2' : : IF' oCC o.*! : P oll), it follows that 

we must add P oll tt> all the right ascensions of the mean 
sun in the Frt'neh tables to obtain those of the m(*aii sun at 
mean noon at Gi*eenwich. 

K\AM1‘I.K. 

.^pril 27, istl, the right asct'iision of tlu* mean sun at 
mean noon at Paris, by the Connaiimattn’ dfn Tem/i, was 
oh ojiit recjuired the same for Greenwich mean noon. 

Greenwich, April 27 0*' O'" tC 

Fong, in tiiiu* .... 1) 22 W. 

Paris date April 27 . . . 0 22 

Fight asc. im*an sun at Pari.s . . 2*' 21"' 10* 09 

For. 9"' P IS 
22* . -Oo 

1 r,il 1 oil 

Kight ase. mean sun at Greenwich 2 21 11 (»2 

The longitude is usually found at H«'a by means of a 
chronometer sliowing Greenwich mean time at tlKMUstant 
tht‘ mean lime at tlu' shij» is known. The mean time ut the 
ship is deduced from the hour angle of a heavenly body, and 
this hour angle is calculated by means of the altitude of the 
body obs^Tved with a se.xtant and certain elements found in 
the Nautical Almanac. 

Kules for finding the hour angle of a heavenly body will 
be given bereafU'r. We will then-fore suppose the hour 
angle known, and proceed to show how mean time might be 
found from it. 
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PRELIMIXAIIY TH:LI> 


litllc XXI. 

Given, tin hour nmjlc of n heavenly body, io find mean lime 
at the ship. 

/four an (fir found In/ table of haver sines.* 

When tlir lieavenlv body is west of nieridiiin, take tlie 
hour an;:le dul at toj) of page of imversines and add thereto 
th<‘ riglit ascension of the heavenly body : from the sum 
(iiKTt'Jised if necessary by 2t hours) subtract the right 
asct iisio!) of mean sun (corrected for estimated mean time 
at (ireenwich or (Jrcenwich date), the result (rejecting 
21 hours if gn'aler tiain 2t hours) is the mean time 
reijuired. 

WIkui the lieavenly body is east (*f nu'ridian. lake the 
hour angle out of the table at bottom of page of haversines, 
then proceed us directed above. 

If the heuNcnly body observed is the sun, the hour angle 
taken out will also be apparent time (p. (It, art. 2t) ; the 
mean time will then be found by applying the etjuation 
of lime with the proper sign as shown in the Xautical 
Almanac. 


./lour angle found bg any other table. 

The angle taken (Uit turned into time (if necessary) will 
also be the hour angle if the body be west of meridian;, 
but if the body be east of meridian, subtract the hour angle 
from 21 hours, and then, as in the former case, add thereto 
the star’s right ascension, and fi\)m the sum subtract the 
right ascension of mejui sun as pointed out in the rule. 

* 24*’ — Star’s hour angle* can Xm taken nut of Inman's table of 
versines hy : when, therefore, the longitude by chronometer 

unJ l*y means of this table, the above rule applioe whetlier the 
ly body is oast or west of meridian. 



IS SAVTU AL ASTBOSOMY. 


00 


EXAMl'LE. 

Aupist 11, ISIG, at S*‘ r>0"‘ p.m., moan time noarlv, in 
long. AV., the hour anglo of Arotnrus wsis r>()"> r»ro 
west of meridian, reijuiml oorn'Ct moan time at tho place. 

Ship, Aug. 11 . . . S^' r.o»> 

Long, in time . . . (i 0 W. 

(ir(‘onwich, Aug. 11 . I I ."H) 


Hipht ancotmion tuenn sun SlurV liour un^rlo. 0 

Anp. 11 .... !»«' I""* Id'-.M Star.H riK'ht Jise. .14 S 4(> M 

(‘t*r 14'‘ ** 

• • - 1 < . . IS •] 1 

r.im V ..>1 

Z- lit. fiKc. mean suit i* tio l‘J ‘71 

“** 4« 71 mean time . S 4 1 /•*»' IM 

This result is slightly incorroot, arising from tlto ostimutotl 
moan time, S*' 50’", being ditforont from the truotiim*. When 
groat accumoy is rotpiirod, the opomtion should bo rt poaltul, 
using mean time last found, iiamoly S'‘ 45"', instead of tin' 
one used before ; thus, 


T/ir operation repeated. 


S!ii[), Aug. 11. . . 

LiUig. ill time . 
Greenwich, Aug. 11 . 


S*' 45’" 
(i 0 
14 15 


lllKht MCt-nsioTi siiii. 

Avj«. 11 .... i*** 1S"‘ H;‘51 

14’',.. 'J. 17 •‘.♦U 

4f»'" . . . 7 -.‘ll* 

lin 41 


SUir’h hour fuit'le . /iC*"’ .'irC'U 

SUirn right awr. .14 H 4n i*2 

IS r. 

lit. a.'^c. mean sun Si 20 41 -S!* 
C'T. Hhip mean t. S 44 •2;i 


(74.) Nov. 22, 1853, at 7*' 15"* p.m., mean time nearly, in 
long. 22”^ O' AV., the hour angle of Aldeharan (a Tauri) wa>* 
5^ 10™ 20* c^aat of meridian, required mean time at the plae-e. 

Ana., 17** 30™ 5t». 

(75.) June 23, 1853, at 8*^ 15™ a.m., mean time nearly, in 

F 2 
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lUO 

long. lOQ^ 40' E., the liour angle of a Lyra* was 3*^ 42™ 40* 
west of meridian, required mean time at the place. 

Ans., IG** 11™ 6*. 

(7(5.) June 15, 1S53, at If)*' 10"' p.m., supposed mean time 
nearly, in long. 10° 42 W., the hour angle of Arcturus was 
2*' 2'" tiO* east of meridian, r(‘qiiired mean time at the place. 

A ns., (»*' 30'" first approximation; 

G*‘ 30"' 35* more exactly. 

ElemmtK from Xauticnl Almanac. 

as^-nmioii iiirati Mini Ui^'ht Hflcension star. 


Nmv. Ih'u’. . .V" .‘12* . . . AhU^brutin . 4‘' 27"' 32* 

22. . b 2 in ... o l.ynf . . 18 32 o 

•luiir l.'i. Tt 34 43 . . . Arcturus .14 8 


Hide xxii. 

To f ml at what time an if hearenltf bodi/ idU pass the 
meridian. 

I Take out of the XautieJil Almanac the right ascension 
oi’the given star, and also the right ascension of the mean 
sun for noon of the given day. 

2. J'Voin the right ascension of the star (increased if 
nect'ssar}' by 24 hours) subtract the right ascension of the 
mejin sun, the n*mainder is mean time at the shij) nearly. 

3. Apply the longitude in time, and thus get a Greenwich 
date; with this Gnrnwich date correct the right ascension 
of mean sun for Greenwich dale. 

4. Then from the right ascension of the star subtract the 
right ascension of tlu‘ mean sun thus corrected, the re- 
u\ainder is the mean time when the heavenly body is on the 
meritlian. 

' in the last problem, the table of at'celemtion ought to 
vn entered with the correct mean time ; but the error 
xctical purposes is inappreciable. 



IN NAUTICAL ASTRONOM\. 
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At wlmt time will Sirius pass the lueridiaii of a pliict' ii 
loD". 6S^ 30' W. on Xov. 20. IS 15 ? 


Star's right ascension . 


3S«' 

23* 

+ 21'' 

Kight ase. m. sun at noon . 15 

57 

2l> 


Ship, Nov, 20 . . . 

. u 

K) 

57 

M. T. nearly 

Long, in time .... 

. 1 

31 

0 


GrtH’iiwieh, Nov. 20 . 

. 19 

15 

57 


Riirht asconsion tncun sun. 

2u . . . . 1 5" ,'i7"‘ 

Sutr .x ri. 

JUrtC, 

t 24' 

. 3t)*' 3S"’ 23' 


li*** . . . . 3 7 lit. arte, uu'hu sviu . 1»> 0 ;$.■» 

• ' • ■ ^ Sliip Nov. ‘J(» . . . 14 37 

lit. as-c. moan rtiiu . 1(5 U 35 

Therefore the transit of Sirius is at IP* 37'*' IS" on Nov. 20, 
or at 2** 37"* IS* a.m. on Nov. 21. 

To find at what time it will pass the meridian on the 
luorniufi of Nov. 20, we must evidmitly be^in one day hark 
and take (»ut the ri^lit a.m-ension of the im*an .sun for 
Nov. l<». 

(77.) At what time will n Peiiasi ]»ass llie iinTidian of 
I’ortsmouth. long. 10 W., on Nov. 25, lS.i3 r 

Aus., Nov, 25, (r' 3S»* .'is\ 

(7S.) At what time will tlu' star Kc’gulus (n Jicsuiis) pass 
the meridian of liarid’s Knd, long. 5 12 W., on May 30, 
is 15 r Alls,, Nlay 30, 27"' 15" 

(70.) At what lime will Autares pass the imridian of 
Portsmouth, long. 0 W., on Aug. 20, iSl.'i !- 

A ns., Aug. 20, O'* 2P" 1 P. 

(SO.) At what time will a Leonis pass the meridian of 
Lisbon, long. 9“ S' W., on June 1, l^PI? 

A ns., June 1, 5‘* 9'" iv 

(81.) At what time will the star Autares piiss the nn ri- 
dian of Copenliagen, long. 12*^ 35' K.. on Aug. 20, ISKi 'r 

AlUs., Aug. 20, (V* 25"' 21*. 
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PARALLAX. 


(82.) At what time w'ill the star Fomalhaut pass the 
meridian of Calcutta, long. 8S'^ 26' E., on Nov. 20, 1846 ? 

Ans., Nov. 20, 6‘‘ 52“» 34*. 


ElementH from Nautical Almanac. 



UiKht tiMct'iiBloii moan 

tun. 


RiKbt 

BSC. nf 

star. 

Nov. 

2.'i, 18.53 

. 161' 

17111 

22® 

22** 

57“' 

26* 

May 

30, 184.5 . 

. 4 

31 

25 . 

. 10 

0 

9 

A ug. 

20 

„ 

9 

51 

13 . 

. 16 

19 

58 

dune 

1, 1816 . 

. 4 

50 

11 . 

. 10 

0 

11 

Aug. 

20, „ 

. 9 

53 

15 . 

. 16 

20 

2 

Nov. 

20, „ 

. 15 

56 

28 . 

22 

49 

11 


\V\‘ will conclude this chapter by giving brief explanations 
t)f sonn* of the princijml correctiona rt*(jiiire(l for reducing 
the observations used for finding the latitude, longitude, 
time at the ship, and variation of the compass — the subjects 
of the next chajder. 

Correction for juirallax. 

'fhe place of a heavenly body as seen, or supposed to be 
seen, from the centre of the earth, is called its true, or 
yvocvutric place : the place of a heavenly body as seen from 
any point on the earth’s surface is called its apparent place. 

Thus, let A be the place of a spectator on the surface of 
the eartli, p any heavenly body, as 
the moon. Through p draw the 
straight lines a p i p m from the 
surface and centre to the celestial 
concave ; then m is the true place, 
and the apjiarent place of the 
heavenly body p. The arc m m , 
or angle a p c, is called the diurnal parallax. 

It appears from the figure, that the efiect of parallax is to 
tlrpress IxHlics in a plane passing through the reduced zenith, 
which coincides nearly with a vertical plane ; the diurnal 
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parallax a /) c is therefort' usually called the paraUa.r in 
altitude. If n be the heavenly body in the hori/ou of the 
spectator, the augle a n c is called the horizontal paraUas 
of;;. 

It is also evident from the figure that tlm parallax of a 
heavenly body is greatest when in the horizon, ainl that it 
diminishes to zero in the reduced zenith ; that the panillax 
for diflerent bodies will diller, depending on their distance 
from the 8{>ectator: that the nearer the body is to the (‘arth 
the greater will he its parallax : thus the moon’s parallax is 
the gixMtest of any of the heavenly hoilies : the fixed stars, 
with jHTliaps a few exceptions, are at sucIj an immense 
distance, that the earth dwindles to a pi>int so indt‘finitely 
small that tlie line a c subtends no measurahli* angle at a 
star: hence the ftxed stars are considiTcd to have no parallax. 

Since the fi)rm of the earth is considered to hi* an oblate 
spheroid, the equatorial diameter being about 20 miles longer 
than tlie polar diameter or axis, the horizontal j)arallax of a 
heavenly body, as observed from some place on the equator, 
will be greater than the horizontal parallax of the same 
heavenly body if observed from 
the poles of the earth. Tor let 
y be a spectator at the equator, , 

and 11 a heavenly body in his 
horizon, then the angle n is the ! j 

eipiuiorial horizontal parallax of j | 

the body at ii. Similarly to a ^ " ^ j " lii 

sjK'ctator at p the pole of the f ( 
earth, the horizontal parallax of 
the same body would be u,, 

w hich is evidently less than ii, since it is subtended by a 
smaller radius of the earth ; thus it aj)pears from tin* figure 
that the horizontal parallax is greatest at the equab)r, and 
that it dimiuishes as the latitude incn*ast»8. The moon’s 
horizontal parallax put down in tlio Nautical Almanac is 
the equatorial horizontal parallax. To find the horizontal 
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moon's augmentation. 


parallax for any f»tlier place a correction must be applied, 
which is evidently subtractive: this correction is seldom 
made in tht* common problems of nuvij^ation ; in finding the 
longitude by o(*cultations or solar eclipses, it ought not to 
he omitted. It is inserted in most collections of ^i^autical 
Tables. 

Correction or antfinf ntaiiou of the moon 8 horizontal 
firmulianu'ter. 

The moon’s srmidiameter given in the Nautical Almanac 
i.s the horizontal s(‘mi(liameter. VV^lam the moon is above 
Ibe horizon its diameter appt^ars under a grt»ater angle, since 
the body has approached nearer the 
earth ; fi>r the distance of the moon 
‘ at m from the centre of the earth 
being a little mon* than sixty times 
^ . . tlu' radius of the earth, c »i = (»() x c l. 

^1 As the h(>ri7,t)nlal parallax, c w* o, is 

ab(»ut 1 only, the line m <> is nearly 
equal to m c. llenc<’ two observer.^ plaee(l, the' one at o, 
the other at i, would see the moon, the first in his horizoii, 
the otiu'r in his zenith : but o would ^ee the heavenly body 
<iistant a litth' more, and l a lilth* less, than sixty times 
tlu' riidiuM ; the diameter in fact would a]»pear to the former 
about IlO" less than to the latter. At any intermediate 
point as at vi, the moon’s semidiameter would evidentU 
appear to be greater lh;m at o. and less tlian at l. The cor- 
rection to b(* made t(» the nmon’s horizontal semidiameter 
on this aeciuinl is c:illed the nutjmcntation. It has been 
»-omputed for i‘v<‘ry degree of altitude, and may be found in 
the Nautical Tables. 

Correction for refraction . 

\y of light passing obliquely from one medium to 
’)f grt'aler density, is found to deviaU* from its 
'tourso, and to bend towards a perpendicular to 



REFKAtTlON. 


IIK') 

the surface of the denser medium, lienee to a spectator i»n 
the earth’s surface, a heavenly body seen throujjh tin* 
atmosphere appears to be raised, and its Irno plae«\ on this 
at'count, is below its apparent place. Obsi‘rvatif)thv slmw 
that n'fraetion is greatest when the body is in tiu* hori/ou 
(about di ), and that it diminishes to zero in the zenith. 
A table of refractions for ev4'ry altiiinli' lias beiMJ Ihnned 
and insert('d in the ^Nautical Tables. 

The corrt'otions for parallax and nTraeiion are freijin in!) 
<*ombine«l, so that they form one correction, calhal the 
“ correction in altitude.” Tlie two tables of the correction 
in altitude for the sun and moon may also he found in most 
eollt‘etioiis of nautical t:iblc8. 

Correc/ion for the contraction of the moons semidiameter 
on account of refraction. 

When the moon is near the horizon its disc assunn’s an 
elliptical form resembling n^ a n, in consequence of the 
unequal cflcct <»f ndVaetion at low 
altitudes, the l<)\4er limb being 
niiscd more than the t-ciilrc. and 
th«* cciitrc' more than the u])per 
limb. If, tlu'refore, in a lunar 
oh.servation a eontaet is made be- 
tween a distant ohjecl s and some 
point A on tlie moon’s lind), the 
eontraeted semidiameter c a must he addnl to lln* arc a s 
to obtain the distance s r of the eentres, Jin<l not c n, tlie 
moon’s uncontracted semidiamelcr, which is evidently to<i 
great. This correction has been calculated, and may be found 
in the Nautical Tables. 

Correction for dip. 

The altitude of a heavenly body, ob8<‘ir’ed from a place 
above the surface of the earth, as on the deck ol‘ a ship, 
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DIP. 


will evidently be greater than its altitude obsen’ed from the 
surface, since the observer brings the image of the body 
down to his liorizon, whicli is lower than the horizon seen 
from the surface of the sea immediately below him. The 
(lifrerene<* of altitude from this cause eipressed in minutes 
and seconds, is culled the dip of the sea horizon. Let a 
tangent at ii, the point on the surface 
^ beneath the spectator supposed to be 

at T, meet the celestial concave at u, 
j and through t draw* the tangent t u, 
II — . - touching the earth at H; then, if M be 

the place of a heavenly body, the arc 
„ , , ' M II is its altitude obsen'ed at n, and 

M the altitude observed by the spec- 
tator at T : the arc ii is the dip due to the height B T of 
the spectator above the surface o\' tlu^ sea, and is evidently 
sul)trueli\e, to g<*t the true altitude. This correction is 
found in all collecticuis of nautical tables. 

'riH‘ use of the prec(*ding corrections and reductions will 
be best seen in tlie following examples. 


Jink XX 111. 

(iitrn, a ttiartt observed altitude, to find its true altitude. 

The stars are such a distanct* from tlu‘ spectator that 
(excepting probably a few) the earth's orbit subtends no 
aiii^le at the stiu*: hence a star is coiisidercHl to have no 
parallax : and the only corrections used for reducing the 
observed altituiie to the true are the index correction (the 
corrv'ctioii of the quadrant or sextant usvh.1) the dip, and 
refraction. UeiiCi* this rule, 

1. To the observed altitude apply the index correction 
with its jirojHT sign. 

•J. Subtract the dij) (taken from table of dip of horizon). 

3. Subtract the refraction (taken fn.^m table of refraction). 

4. The result is the true altitude of star. 



TO FIN’D THE TRVE ALTITUDE. 
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EXaMVLK. 

The observed altitude of Aretiirus was 3Cu 10' 2u \ in»U \ 
eorrection + 2' -12", and heii 2 ;hl of eye above the j^eu \\;>s 
20 feet, required the true altitiuh*. 

Observed altitude . . . 3(5^' 10' 20 

Index correction 2 12 + 



30 

13 

«) 

Dip 


1 

21 

i^tar’s apparent altitude . 

30 

s 

3S 

Ke tract ion 


1 

20 

Star 8 true altitude 

30 

/ 

Ts 


(S3.) The observed allilude of Aldebanin was l.‘i 1' 3o', 
index correction — 10' k>'', and heii;lit of eye abovt- l!u‘ sea 
was 10 feet; reijuircd the true altitude. 

A ns., 12 \r>' 13 

(St.) The observed altitinh* of y Tauri was 02 12' 13", 
index correction + 0' to", and heiL^ht of eye aho\e the .sia 
was 20 feet: required the true altitude. 

An.-*., 02’ 3S' 1 ' 

(So.) The obser\a*d altitiuh* of a Oanis .Majoris (Sirius) 
was 32 12' 30', index correction was — 3' 30', and heii^ht 
of eye above the sea was 12 feet . recjuiretl true altitude. 

A ns., .32 31' o' 


liulr XXIV. 

Given, a planet's observed altitude, to Jtnd its true altitude. 

The effect of parallax on the trui‘ altitude of a heavenly 
body is to diminish it (p. 102) ; the correction of parail.ax 
in altitude must therefore be added to the observed, to j;et 
the true altitude. Hence this rule. 

Correct the obsened altitude f«*r index correction, dip, 
and refraction, as in (1), (2), (3), p. 100. 
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(4.) To the result ntld the parallax in altitude (taken out 
of the table of panillax in altitude of sun and planets). 

(5.) The n*sult is the true altitude of the planet. 


lA.VMPI.K. 

danuarx’ tth, 1^1^, th»* observed altitude of Mars xva.'* 
21' ir 10", index e(iiTeeli.>n 21 feet : horizontal parallax in 


Nautical Aliuauae bring 10 1 : 

required the true altitude 

( Ibsen’ed altitudt* . 

. . 21 4T 10" 

Index eorreetion 

2 12 + 

21 IH o2 

Dip .... 

1 10 — 

21 HJl H 

Refraction 

2 27 - 

21 ;«! :«! 

Parallax in altitude 

!» + 


Tru(‘ altitude 21 HU 4o 

dan. 21, Is Is, tlu' observed altitude of Mars 
O'’ S' HO", index eorreetioii H' to", and height of eve 
above the sea 10 feet : ivt|uired the true altitudi'. Tlu‘ 
horizontal ]):irallax Iroiu Naulieal Alinanae was S" H. 

A ns., s Tm 

(S7,) I'\'b. H, lS|s, the observed altitude of \'enus xvas 
2o S HO", index eon-eetion - 10' oO". and height of ex"e 
above the K(>a 12 feet. retpiire<I the true altitude. Tlu' 
horizontal parallax from Nautieal Alnuuiae, was s" l 

Ans., 2t o2' 17". 

(SS.) djui. HO, is is, the observed altitude of dupiter xvas 
Ity 20' 10". the index correetion was -H O' 1 1", and height 
of eye above the Ri*a IS fetU : rtspiired the true altitude, 
the horiroutal parallax in ^iautieal Almanac being 2" 0. 

Ans., 10" IT (T. 
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liule XXV. 

Given, the sun's ohserred altitude, to Jlnd the true altitude. 

The tnu‘ altitude of the suu's et'iitre c ii is fouud hy 
observing: tlio altitude of (dther th(‘ ii]>per or 
lower limb a' ji or a h, and then subtracting 
or addiu" tin* st'inidiameter e a taken fnnu ‘ ' 
the Nautical Almanac ; the otlu'r eom‘ctions. ' 

naTiK'ly, for the instrument, dip, refraction, 
and parallax, b(‘in^ made as in iht* pre<'edin^ 
rules. In some of the nautical tables, the two 
corrections for refraction and parallax of tlu‘ 
sun are combined in one table, and called the „ 

‘‘ correction in altitude of the sun.” 

Hence this rule. 

1, C’orr(‘ct the obsenial altitude* for iiuh'x correction and 
dip, as in article (1), (2), p. 10(5. 

2. To this add the sun's semidiameter, if the altit ude of 
the lo\\er limb isohs('r\cd; but subtrae*! if the upper lind> 
is observed; the result ifi the apj)ari‘nt altitudi- of tin* sun's 
ct'iitre. 

d. Subtra<i the refract itm and a(hl t!i<* j)arallax taken 
from the ])roper tahl« ^ ; or rather take out tin* “ <-orrcclioji 
in altitude of the sun,” and subtract it. 

1. Tlie rcmaind(*r i.s the sun's true altitude 


» XAJiri.K 

The oh.«oncd altitude of the sun'." lower limb (L. L.) was 
\T d2' lo". tin* index correction was -t 2' 10", and theheight 
of the eye above the s(*a 15 feet : retjuired the true altitude 
of the sun’s centre : the seiuidiainetcr in Nautical Almanac 
being 15' 10". 
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Observed altitude . . 

47^^ 

22' 

15" 


Index correction . . 


2 

10 

+ 


47 

2t 

25 


Dip 


2 

40 

— 


47 

20 

"20 


Semidiameter . . . 


15 

40 

-h 

A pj>arent altitude . . 

47 

10 

25 


Correetion in altitude 



47 

— 

True altitude . 

47 

45 

2S 



(HO.) TIk* observed altitude of the sun’s L. L. was 

t-S" OO' 15", index cornvtiou — 2' 5(r, and hei!j;bt of eve 
above tlu; sea 15 feet: r(M|uiivd tlie true altitude, tbe 

semidiaimder beini' 15' 55". A ns., is 5S' 05" 

(00.) Tbe observotl altitude of tlie sun's L. L. was 

Ot i2' 10", index eornvtion -f 5' lo'', and heiebt cd’ eye abo\e 
the sea 20 feet : retjuired the true altitude, tht‘ seniidiaim ter 
beini' 10' 1". A ns., 10 5s' 0 ' 

(01.) The observ<Ml altitude of the sun’s u}>per limb 
(T. li.) was 55 57' 12", iiulex eorreetion i— 0' bt', lieiijht 
t»f ey(‘ above the sea 10 feet : required the true altituiU‘. 
the seinidiameter beine U»' O' . A ns., 55 20' 1". 

(02.) The observed altitude of the sun's L. L. was 

20'’ 25' 15", index eorn'etion - -O' 15''. heii^ht of e\e abo\f 
ilie si*a was 15 feet : requireil the true altitude, the .■^eioi- 
diainetiT bein^ 10' 2'. Ans., 20 22' 11" 

XXVI. 

OiiT/t, the moon's ohscrevd altitude^ toj'uid the true altitudt . 

The moon’s horizontal parallax and semid’amett'r change 
so perceptibly that they eanncit be con^idered (as in the 
corrv’spondin;' case of the sun) to be constant for 21- hours. 
The paralla.\ and setnidiameter taken out of the Xautieal 
Almanac must tlieretore In* corrected for the (ireenwieh 
date in order to find the horizontal parallax and hori/.ental 
semidiainetcr at the lime of the observation. Mtux^oir 



TO FIND TUE TllVE ALTITUDE. 


Ill 


since the moon ia nearer the earth when observi'd than when 
it was in the horizon, the horizontal semidiaineter must also 
be corrected for augmentation (p. 10 1). The eoriwtiou 
of the moon’s apparent altitude for parallax and refraction is 
found inserted in most of the nautical tables: it is entered 
with the corrected horizontal parallax at toj>, and the 
apparc'iit altitude at the side. Ihmct' this rule. 

1. Get a Greenwicli date. 

2. Correct the moon’s semidianu'ter and horizontal 
pandlax, taken from the Nautical Almanac, for the 
Greenwich iktt' (p. 7vS). 

.‘h Add to the semidiaiiietcr the auijjmentation, taken 
from the table of augmentatinn. 

1. Correct tiu* observetl altitude ft»r imh'X correction, 
dip, and seiuidiameter, as in the preceding rules ([>. 10(»). 

5. Add the moon’s correetitm in altitude, taken out of 
the proper table. 

0. The result is tbc moon's tru(‘ altitude. 

A|)ril 7, iSod, at P' 17“* I’.xi., mean time nearly, in long. 
10' \S^., the ob.served allitiule i»f tlie moon's Ji. L. was 
72° 15' 0", ibe in<h‘X eorreetion was P 2o", and lu'ight t)f 
eve above tiic sea 15 feot : rc»piircd the tnu‘ altitude. 

Sliip, .\}>ril 7 . . . P‘ 17“' 

Long, in time O lo \V. 

Greenwich, April 7 . 5 27 


M'hiu** n fuTiz-pritiil (larallaK. 

Till inwu ... . l-V 4 '*"-7 N'.o:i ...... 57' :t2"0 

mid. . . 4.5 S Mi. 1 57 .-x) S 

5 1 H S 

:i4279 ;ilJ79 

,T:CJ5S5 2 7.V.«27 

a’Cj.’.srtI <v>r, ... 2 a io'jttf) c«ir. ... 8 '5 

15 48 o C’-T, h.»r. j.ar. 57 4o *5 

Au^ 15 -2 

Auy. 8cmi 15 58 2 
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TO FIN'D THE TRUE ALTITUDE. 


ObaeiTod altitude . . 

. . 72 

ir/ 

U' 

Index correction . . . 


4 

20 


72 

in 

40 

1 )ip 


2 

49 


< 2 

a 

r,] 

.S<!niidirtiiK*ti!t . . 


ir, 

rn 

Aj)|»an‘nt altituilo 

72 

0<) 

40 

CunvctioTi in altituih . 

r 

• i__ 

i»; 

12 

Tnif altitude .... 

72 

:it» 

."ill 


(O.'L) July 12, ISIS, at 1S'» p.m., mean time nearly, in 
loTiR. 41 40' W., the (jbservod altitude of the moon’s h. L. 
was 27' r)(i' R)", the index correction -H 2' 20", and lieij^ht 
of eye above tlj(‘ sea 20 feet, required ihi* true altitude. 

A ns., 2S' o(V {» ". 

(01.) IMay ir», ISfS, at 10‘‘ 2o»'‘ p.m.. meati time nearly, in 
lon<;. 40' \V,, tin* observed altitiuh* of the moon's h, L. 
was 21" 14' lo", the index (‘(^rret’tion ' 2' 20', and height 
of ('ve above th(‘ sea 15 fetd, r<‘<juired thi' true altitude. 

Alls., 22 15M7’. 

(05.) May 15, Is Is, at lo'' 22”‘ p.m., mean time ni‘arly, in 
long. 11' HO' W,, the observed altitude of the moon’s 1*. L. 
was 15' 20' HO", th(‘ index eorrtM-tion q- 1' 10\ and height 
of eye abvive the sea 2o feet, required the true altitude. 

A ns . 15 12 :n \ 

Eh'mrnts J rom Ann find ^Ihnnnnr. 

M.hmi s srTiiUlldiiu'trr Mo.m .. li..riy.->mHl |mriUl.«v. 

July 12. luiJ. . . 14' . . . lui.l. . . .'4' 47''s 

lit, Ilium . . 14 .M* o . . . iiooii r» •;{ 

May 1,'.. mul . . 14 41 *1 , . . , mi.l. . . f.W -n 

1<). mum . . 14 42 a . 


noi'ii 
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SECTION II. 

la'LKs Fon FiNniN(i rnr. i.ATirrrM:. i.dNtaTi ni;, i.kkoi; anp 

HATi: OF rilRONOMPTKUS. ANP VAKIAT1(»X OF TUK COMI'AS.s 

CTIAPTEIl VI. 

RFLES FOR FIXPISG THE LATITl'PE. 

To find the latitude hy the meridian altitudes of a heavenly 
body above and belotc the pole. 

Let N w s E represent the n 

horizon of the spectator, z the ^ ' 

zenith, y z s tlie celestial me- *i* a 

ridian, N p the* altitude of the ^ 

])ole, w Q E the celestial t'tpia- 
tor. Then >' v (tlu* altitude 
of the pole) = lat it ude of. spec- 
tator.* Jjot A j; a' he a parallel 
of (leeliuatioii deserlLu d l)y a 
heavenly body about the pi »li- 1 », ^ 

tlieii a' X = meridian altitude below poh* 

A N = ,, above ])ol(‘ 

and A J' — A p =: star's jadar iiistanee 

a' > - I'X — a'p — hit. “ star’s polar distance 

and A N p N -p A p = lat. -h star's polar distance 

addint: a' n -f a .v =2 lat. 

or lat. = I (a'x -p ax) =1 half sum of latitudes. 

♦ For ZN =r I\* (each b* ing iMi ) 

or. rx - I'z = rz ^ Zii 

/, PN =: 7Ai — latitude i»f bpectutor. See Prohlcrns in 
Astronomy," by the Author. 



Hi LATITUDE BY ST.UJ. 

If the heavenly body when passing the meridian above 
and below the pole, is on different sides of the zenith, so 
that the altitudes arc taken from opposite sides of the 
horizon, subtract the gn‘atcr altitude from ISO"', so as to 
reduce it to an altitude taken from the same point of the 
horizon as the other altitude (see Exercise 2, p. 115). 

Hence this 


Itulv XXVII. 

Tu find the latitude hy the meridian altitudes of 
a circumpolar star. 

1. Correct the altitudes for index correction, height of 
eyi*, refraction and ])arallax (or as many of thcsi* as are 
aj)j)licuhlc to the case), and thus get the true meridian 
altitudes. 

2. Add logether the true meridian altitudes (n*ckoning 
from the same juiiiit of horizon), and half the result uill he 
the latitude of the sj)ectator. 

EXV.MeLFS. 

1. Tlie meridian altitudes of a Ursjc Majoris wereobscTved 
above and below the north pole to he 7C 10' 10' and 
112' 12' 15 " respectively (zenith south at both observations), 
index correction — 2' 10", and height of eve above the sea 
20 feet, reijuired the latitude. 


Ulw. (lit. . . 

. 74" 

10' 

10" 



Imk'x c^T. . 


2 

10 - 

<)1.S. ult. . . 

. 32 42' li- 


74 


0 

Index cor. . . 

2 

t)il> 


4 

24 -- 


32 40 


74 

a 

a*i 

I>il» . . . 

4 24 

Uofr. . . 



17 


32 a.'i 41 

l»t tmo alt. 

. 74 

a 

10 

Kofr. .... 

1 ai 


. 

at 

10 . . 

. . True idt. 

. 32 ai ii» 


•2 nor, 

a 7 

20 



Latitude . . 


la 

TTi X. 
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2. The meridian altitudes of a Auriga) (Capella), wen? 
observed above and below the north pole to be 81*^ 10' 52' 
(zenith north of star), and . . 

3° 42' 52" (zenith south), index ^ 
correction — 3" 10'', and lieight ! 

of eye above the sea 11 feet, re- / j [p 
( j Hired the latitude. ■ x 

Obs. alt. 


Dij) 


True all. 


. 3"’ 42 52" 
r.. 3 10 

\ 


A 

1 

1 

3 3i» 12 



' 

3 41- 

3 30 1 

12 50- 

i^) 

h 

reckoned from 

. 3 23 5 (./) 

N. 

point of hor. 

(Ib.serviMl altitude . 

si 

10' 

52" 

Index correction 


3 

10 — 


81 

7 

42 

Dip 


3 

41 — 


SI 

4 

1 

True altitude, A.8. 

. Si 

3 

9 — 

52 


isu 

0 

0 

True altitude, A.N. 

. 98 

50 

S (a) 


3 

23 

5 


2)102 

19 

13 

Latitude .... 

. 51 

9 

40-5 N. 


(00.) The meridian altitudes of a star were obs(Tvi*ii 
above and below the north pole to be GO’' 20' 45" and 
0" 14' 30" respectively (zenith south at both observations), 
index correction — 1' 45", and height of eye 10 feet, rc- 
ijuired the latitude. Aus., lat. 37'“^ 37 35" N. 
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LATITUDE BY MERIDIAN ALTITUDE. 


‘ (07.) Tho meridian altitudes of a star were observed 
above and below the north pole to be S5° 10' 10'' and 
10” 10' 10" respectively (z«*nith seuth at both obsenations), 
index correction, — 2' 40", and heif;lit of eye 20 feet, 
rcf|uin‘d tlif‘ latitude. Am*., lat. 47^ 30’ 24" N. 

(08.) The iiu'ridian altitudes of a star were observed 
above and below the north pole to be 77' 8' lo" (zenith 
north of star), and 3 Kf do" (zenitli south), index correc- 
tion -f I' 42", and height of eye 12 feet, n'quired the 
latitude. Am., lat. r>:V 10' 7" X. 

(00.) ^August 12, Is.lO, the meridian altitudes of a .star 
were observed abo\ e and below the south ])ole to bt? 14' 15" 
(zenith south), and 1 52' 0" (zenith north), index corree- 
tion 8' 1 1", and height of eye above the sea was 30 feet, 
nsjuired the latitude. 

Ans., lat. 40” 13' 30" S. 

To Jtnd the latitude hj/ the vieridian altitude of a heavenhf 
hudif above the pole, and the deelination. 

L('t N w s i: ro])resent the horizon, n z s the celestial 
meridian, e tlie north pole of the 
. heavens, and w i; the celestial 

\ meridian. Then z is the lati- 
\ tude <*f spectator (p. 1 13, not(‘). 

First. Let the dc'clination of 
e the body and the latitude be of 

the .same iiaim', as when tlu‘ body 
^ is at A ; then a q is tlu* declina- 

tion of the body, A s is its me- 
ridian altitude, ami /, A its zenith 
distance, and z = z a -f a g; 
or, lat. = meridian zenith distance -f declination. 

St*cond. Lt*t the declination and latitude be of diflerent 
names (one north and the other south) ; as w hen the body 
is at a'. 
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Then z q =. z a — 'a q ; 

or latitude = meridian zenith distanoe — deelinatit»n. 

Wlien the zeniih of tin* speetator is to the north of the 
body it is said to have* a meridian altitiidt', zmi/h north . 
When the zc'iiitli is south of tlic body, its rneridiati altitude* 
is called a meridian altitude, zenith south. Ily const met inj; 
tif^ures similar to the above te) suit ilitlerent ease's we sliall 
find that the latitude' is e'epial te> the* sum e)f the ze'nitli 
distance and deelinatie»n vnIicu the eh'e'lination and zenitl* 
elistanee have' the* same names, nnme‘l\ . bi'th imrth or be>th 
boutli ami e»r llie same name* as eiiher: and that tlie latitude is 
e'Oual to the Jl/rrrrncr ed'the* zenith elistane-e' auel e!eelinatie)n 
when they are' e)f ditlerent name's, and the' latit ude will hi' 
of tli(' same name' (N. or S.) as the greater. 

lienee' the fulleuviug ride's for tiudincf the latitude freuu 
the nu'rieiian altitude's of ditlerent bodit's. 


Itule A'XVIIJ. 

To fdul the latitude hu the meridian altitude of the. sun, 
and its deeli nation. 

1. Find a Greenwiedi date in apparent time. 

2. By means eef the* Aautie'al Almanae* tind the sun's 
eleelinatit»n for this date (p. 7t). Take out also the sun’s 
semidiameter, whiedi is to be adeh'd to appare'iit altitude 
when lowi'r limb is obsen'i'el, and Bubtraeted when uppi'r 
limb is obs(*rved. 

JJ. Correct tlu* observed altitude* for inde.x correction, dip, 
semi diameter, and refraction and parallax, and thus pet the 
true altitude (p. 100), subtract the true* altitude from 0(/, 
the result will be the true zenith distance. 

4. Mark the 7A*nith distane'c A. or S. accordinp os the 
zenith is north or south of the sun. 

5. Add together the declination and zenith distance if 
they have the same names ; but take the dificrence if their 
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nanie» be unlike ; the result in each case will be the latitude, 
in the former of the name of either, in the latter of the 
name of the greater. 


EXAMPLE. 

April 27, 1S53, in long. S7" 42' W., the observed 
meridian nltitud(‘ of the sun’s lower limb was 4S^ 42' 30" 
(zenith north), tlie inde.v correction was -f 1' 42", and the 
height of ey(* above tlic sea was 18 fei t, required tht* 
latitude. 


Ship, April 27 . 0*' O'" 

Long, in time . . . o ol AV. 

Greenwich, April 27 o 51 


Sun’H di rlinntion I'af np]i 
iiT .... K5 4;{‘ 

ntmiu 

tflV' 

N. 

alt. . 

Iiult'X cor 


41'' ;to" 

1 4‘J 1 

•r.i.'ioa 

14 

11* 

4 

N. 

Oip . . . 

•1^ 

n rj 

4 11 






Scini 


4(' I 

l.". M 


1 .iSSIHi 





Aju*. ult- centre . 
Cor. iu alt. 


' • r r 


Sun’w iUtHil 

. . 115 



N. 

•to 

4.". 

_ 






True alt. . . . 

-I." 

10 








t'O 








Tnic r.en. ^li^t. . 

41 

4 ;Hi 

N. 






I >ccl illation . . 

1:5 

Ti* 1.^. 

N. 






I..atitiuie . . . 

:.4 

44 .'i 

N 


(100.) .Tamiarv 14, 1S53, in long. 72' 42' AV. the 
obsen'ed meridian altitude of the sun's L. L. was 32'* 42' 10" 
(K. N.) the index comftion -f 2' 10", and height of eye 
above the sen 14 feet, required the latitude. 

Ans., lat. 35^ 50' 34" N. 

(101.) March 20, 1853, in long. 72*^ 42 E. the observeii 
meridian altitude of the sun’s L.L. was 45° 4' 20" (Z. 8.), 
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mdox correction — 3’ 4”, and height of eye above the sea 
20 feet, rt‘qiiired the latitude. Ans., lat. 44" 50 S. 

(102.) July 4, lSo3, in long. 100“^ 0' AV. the obmTved 
meridian altitude of the sun’s L. L. was G2^ S' 7" (Z. N.), 
index comH*tion — 3' 0", and height of eye above the sea 
15 feet, requirt'd the latitude. Ans., lat. 50 34' 50 N. 

(lt)3.) March 21, lS53, in long. 02' 0’ W., the observed 
meridian altitude of the sun's V L. \\tis 50"" 10 5" (Z. N.), 
index eorrt'otion + 7’ 10', and height of eye 14fi‘et, rcquiri'd 
the latitude. Ans., lat. -Ur 2(>' 47" N. 

(l(»l.) Sept. 21, 1S53, in hmg. 33' O' K., the observed 
meridian altitude of the sun's V. L. was 12"' 3' 15" (/. K.), 
index correction — 1' 4", and height of eye above the sea 
IS IW't, required tin' latitude. 

Ans., lat. 47 llV 39" N. 

tli»5.) June 3. 1S53, in long. 17s 30' AV., the obstTved 
meridian altitude of the sun's U. J.. was 1(5 20' 0" (Z. S.), 
index correction 3' 30", and height of eye* above the sea 
20 fcH't, required tlie latitude. 

Ans., lat. 51 35 39" S. 


iLlrmrtifsJroni Kautical Ahnnnar, 


Siin'f* (li'rliiiatioii at Aiipnn itt 


.i.m- 14 . 

. 21' 

05' 

4' 

,s. 

1 1) . 

. 21 


7' 

S. 


fi' 

18 

Murch 1 W 

, 0 

27 

,*54 

s. 

2u 

. (* 

4 

1.3 

s. 


C, 

6 

.July 4 . 

22 

r>:t 

S 

N. 

fi . 

22 

47 

31» 

N. 


5 

40 

M<irch21 . 

. 0 

11< 

2s 

X. 

22 . 

, 0 

43 

7 

N. 


a 

6 

Si‘pt. 21? . 

. (» 

s 

:i 

s. 

24 . 

. (1 

.31 

2> 

S. 


5 

nu 

.Tiwio 3 . 

. 22 

20 

42 

X. 

4 

22 

27 

.'io 

N. 

3 . 

. 16 

48 


AVhen the altitude of a lieavenly body is observed by 
means of an artificial horizon, tlie reading off on the instru- 
ment will be the angular distance between tin* heavenly 
body and its image in the artiticiul horizon, and this will bo 
double the altitude as observed from the true liorizon. Tliis 
will be easily seen by the follo^^ing figure. Let s a, a ray 
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of light proceeding from the body at 8, be reflected by 
means of an artificial horizon placed at a, in the line a e. 
Then, if the spectator’s eye is in the line a e, as at e, the 
image of the body will aj)j)ear in the direction e a coming 
from a ])oint s' below the hori- 
zon A. Xow the observer is 
supposed to be placed so near a 
that tiie distance e a is inaj)pre- 
ciable when compared with the 
distaiic<‘ a s (.>f the heavenly body, 
lliat is, tiie angle observed between s and s', namely, nes' may 
be considered t(» be = s A s' and this angle s a s' is inanifesily 
donbh' K A II, the altitude above the h(»rizontal plane ii n. 
b'or by the principles of optics it is proved that the 
angle s a ii is etpiai to ka h, which is eijual to the vertical 
or opposite angle h'a h, that is, the h(>ri/.ontal line AH bisects 
the angle observed. Hence the follow ing rule for finding 
the true altitude from an observed altitude in th(‘ artificial 
horizon. 



Buie XXTX. 

Given, the observed altitude of a heavetihf hod if in an artificial 
horizon, to find the true altitude. 

1. Correct the observ'etl altitude for index com'ction. 

2. Half of the result will be the apj)arent altitude of the 
point observed. 

JJ. Then proceed as in the preceding ndes to find the true 
altitude. 


EXAMPLES. 

1. Tlie observed altitude of the sun’s lower limb in 
an artificial horizon was 14' 10," index correction — 
4^^ 10" required, apparent altitude of sun’s lower limb. 



sun's meridian altitude. 


HI 


Observed altitude . . . I t' 10 

Judex correction ... 4 10 — 

2 ) OS 10 0 

Appar. alt, sun's 1. limb. 40 5 0 

2. Oct. 21, lSr»3, in loni^. 1" 0 AV., observed the 
meridian altitude of the sun's lowtT limb (in (ptieksilver 
horizon) to be 5(r I t' (» (/. N.), iiuh'x eorreelion — 0 It) , 
required the latitude. 

Siiip, Oct. 21 . . . . ()‘‘ 0‘“ 

Lonj:^. in time ... 4 AV. 

(rreenwieh, Oet. 21 . . 0 4 


.^uii « (It'd, 

f-ir nj'p, n<N.n.' 

alt. . . , 

r.d 14' '» 

21 

. lo a.v 22" s. 

In cor. . . 

(1 in 


Ic .'ill 4;» S. 

2 

l:’. .^.0 


21 2:{ 


2'' »I 

•'.'•J.’L'U 


St'ini. . . . 

i«; c 



Aj'ji. alt. centre 

2> 2:1 1 

SrinV tlffliii 

1" 2r* s. 

C'or. ill alt. 

1 in 



True alt. . 

2> 21 21 




l*n 



Tnu* /.ell. (list. . 

«:i ;{.s ;;!• ] 



Oc«-liiiati<)U , 

in 2:» 


Latitude . r»l 14 N 

(1(K>.) Oct. 0, lSo3, in loncj. 10 20' AV., the ob8(‘ned 
meridian altitude <jf the sun’s lower limb (in artilicini 
horizon) was IT 30' 15" (Z. b.), index eorreetion — 2' 10", 
required the latitude. Ans., lat. 73 53' 2S" S. 

(107.) June 10, lb53, in long., 23 10 E. the observed 
meridian altittide of the sun’s lower limb (in quicksilver 
horizon) was 72' 15' 20" (Z. N.), index correction + 4' 5", 
required the latitude. Ans., lat. 70'^ 37' 15 ' N. 

(lOS.) Aug. 7, 1853, in long. 02^^ 11' E., the observed 
meridian altitude of sun’s lower limb (in artiheial horizon) 
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was 83® 30' O'' (Z. N.), the index correction — 3' 15'', required 
the latitude. A ns., lat. 05° O' 22" N. 

(lOO.) May 3, 1853 in long. 14° 20' W. the obsened 
meridian altitude of sun’s upper limb (in artificial horizon) 
was 30° 2' 30" (Z. S ). index correction — 1' 15", required 
the latitude. Ans., lat. 50° 34' 14" S. 

(110.) July 17, 1S53, in long. 72° 30' E., the obsen^ed 
meridian altitude of Hun’a upp(*r limb (in artificial horizon) 
was 52' 30' 0" (Z. ^’.), inde.x correction -f- 2' 10", required 
the latitude. A ns., lat. 85 15' 10" N. 

HJcmenta from Xaufical Almanac. 


Suii'h (locIinatKiii. Stin's m^ini 


Oct. 9 . 

. r/’ 

2(>' 

10' 

S. 

10. 

. O' 

42' 

:.w 

s. 

It . . lU' 

4 

June . 

. ‘JU 

r-7 

.'{0 

N. 

10. 

. 2a 

2 

2t» 

N. 

It . . 15 

4(> 

A UK'. <) . 

. i<} 

40 

40 

N. 

7 . 

. It; 

24 

4 

N. 

<; . . 15 

4K 

Mfiy 1} . 

. ir. 

4:j 

.'■•0 

N. 

4 . 

. i«; 

1 

Ih 

X. 

ii . . 15 

5:i 

July 1() 

. til 

21 

4(1 

N. 

17 . 

. 21 

11 

i:; 

N. 

1(5 . . 15 

4(; 


Huh XXX. 

To find the latitude hi/ the meridian altitude of the moon, 
and its declination., i\'c. 

Since the moon's declination, Ac., arc given in the 
Nautical Almanac, for Gr(*cin\ich mean noon, we must g(.*t 
a (Irccijwich date in mean time. 

1. Find a Gret'nwich date in mean time. 

2. By means of the Xautical Almanac find for this date 
the moon’s declination, moon’s semidiameter, and moon’s 
horizontal parallax, augmenting the moon’s semidiameter for 
altitude. (Kules X., XI 1.) 

3. Corrt'ct the observed altitude for index corrx'ction, dip, 
semidiameter, and pandlax and n'fructicm, and thus get 
the true altitude; subtract the true altitude from 90°, and 
thus get the true zenith distance. 

4. Mark the zenith distance X. or S. according as the 
zenith is north or south of the moon. 



moon's meridian ALTITI DK. 

5. Add tocrcther tlie declination and zenith distance, it* 
they have the same names, but take their diirert*nce if their 
names be unlike, the result in eaeli case will be t)»e latitude, 
in the former of the name of either, in the latter of the 
name of the greater. 

KXAMIM ES, 

November 12, l?^5:l, at 2*‘ 2t)'“ p.m., mean time nearly, 
in long. (UK i'2' \V. observed the meridian altitude of the 
moon’s lower limb to be dO dO' 10' (Z. N.). the index 
I'orreetitm -f 10' 42". and height of e\e al)ov(' the si‘a 
Iti feet, retjuin'd tlie latitude. 

Nov. 12, at 2'' 

Lon}^ I 4- 


(Jrct 

'tiwich. 

N’o\.12. . 

<5 2o 


OtTliiiiiti'' 

u. 

M.m.Ii'h! 

4om». 

ll'ir par 

.Nov 12. M *>'■ . . 2 44' 

2f» ' N. 

Noon . . 

l.’i »r' 4 

. I'J' -7 

1 . . 

N. 

Mol. . . 

1.^ 2-7 

. c - 4 


1.^ 


:e7 

i:{ •:! 

•41 JO 2 


•274 1:{ 


•27n;i 



:m.::.22 


2iM»:».',7 

lop, 1 oTeT'J 7* 

<; 


2-<> 

:{18;{7e 7 I 

.... 2 4'.> 

*2«J N. 


i:. 4 4 

:>o 12 <; 


Aui:. 7 '4 + 

ll-K 


M«*on f* iiU. . 

. . an 

;{o' 

4n" 

Ill cor 


In 

42 * 


:io 

41 

22 

l>il‘ 


.'i 



.">0 

•57 

2*; 

.Semi 


i;. 

12 - 



.'ij 

55 i 

Cor. ill lilt. . . . 

. ( 

4.0 

:5f; 


1 


in 

Tmc* lilt.. . . 

. . .'{I 

lih 

2t 

Zenith di.st. . . . 

. . 5" 

21 

Jl'l N. 

iNjclin. . . 

. . 2 

4{4 

i!; ^ 

Latitude . . . 

. . 

tl 

2 N. 
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LATITUDE. 


(111.) Jan. 10, 1853, at 7*‘ 10™ p.m, moan time nearly, in 
long. 5^ 30' E., the observed meridian altitude of the moon’s 
lower limb was 10^ 20' 30" (Z. K.), the index correction 
— 2' 20", and height of eye 14 feet, required the latitude. 

Ans., lat. 50^ 37 4C" N. 

(112.) Feb. 4, 1853. at 5*‘ 40™ a.m., mean time nearly, 
in long. 72' IS' IV., the observed meridian altitude of the 
moon’s lower limb was -lO' 20 15' (Z. X.), index correction 
-f 3' 40", and height of eye 15 feet, required the latitude. 

A ns., lat. 25' 17' 10" N. 

(113.) Mareli 7, 1853, at 3*‘ 20™ I'.M., mean time nearly, 
in long. 10' 20 W., the (»bserved nuTidian altitude of the 
moon’s lower limb was 10 17 IS" (Z. S.), index correetion 
” r 15", and h(‘ight of eye 10 feet, r(*quired the latitude. 

An>., lat. ss {)' U" S. 

(114.) July 5, ]s53, at 1*‘ 7™ P.M.. mean time nearly, in 
huig. 33' 30' E., the observed meridian altitude of the moon’s 
upper limb was 25" 42' 3(r (Z. N.), the index correction 
+ 2’ 15', and ludght of eye 20 feet, rcipiired the latitude. 

Ans., lat. HS 22' 37" N. 

(115.) Aug. 12, IS53, at 5*' 1™ .\.M.,mcun time nearly, in 
long. 0 1 40' E., the obsc'rved meriilian ultitinh' of tin* moon’s 
up[»cr limb was 72’ 20' O" (Z. S. ), the index eorrectioii 
-P 3' 10", and height of eye 22 feel, required the latitude. 

Ans., lat. 31' 53' 3’ S. 

(11(>.) Dec. 27, isr)3, at O’* 12™ a.m., naan time nearly, in 
long. 15^' 20' W., the observed meridian altitude of the 
moon’s upper limb was 10"^ 50' 4' (Z. JS.), the index eorrec- 
tion — 0' 30*, and height of eye above the sea was 24 feet, 
required the latitude. Aus., lat. 87^ 35' 20" S. 
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Elements from Nautical Almanac. 




Mo(>u <1 

decIiUAtloik. 



M'Hin 

's M 

mi. 


\l^ 

pat 

Jhu. 

H', 

at 7** 


1' 

i*r 

s. . 

. noon 

1»5' 

0" 

•1 

. . a*' 

yG'-4 



v 

21 

55 


s. . 

. mid. 

15 

54 

•2 

. 5S 

14 •'.* 

Fef). 

y. 

at -Jl' 

. 2;i 

20 

51 

s. . 

mid. 

IG 

s 

•2 

. . 5J‘ 

G 1 



. 2:i 

. . 2:j 

24 

4y 

s. . 

noon 

1(1 

G 

•G 

. . 5l» 

II y 

Mar 

7. 

at 4 

. . Is 

2.*k 

4 

s. . 

. noon 

15 


•4 

. . 5il 

5 



r 

IS 

15 

51 

s . 

mid. 

15 

21> 

•y 

r„; 

ly -7 

.July 

4, 

at 'I'l 

. 21 

yy 

11 

N . 

mitl. 

14 

.50 

*7 

. . 54 

22 ’ll 

,, 



. 21 

35 

27 

\ . 

, no.iu 

1 1 

52 

■y 

. . 51 

yo 1 

Aug. 

11. 

at 1*1 

14 

4 

i:i 

s. . 

iK'on 

IG 

G 

■»» 

. . 5y 

i 1 



n 

. 11 

1C, 

4»> 

s . 

mid. 

IG 

t> 

•2 

, . 5!» 

0 -7 

Dec. 

-»5. 

at ' 2.-1 

17 

55 

1<; 

s. . 

mid. 

IG 

27 

•4 

. . 'Ill 

IG -7 



.. -jy 

IS 

7 

• i 

s. . 

no«)n 

1*1 

yy 

'2 

. GO 

y7 -G 


Euh XXXI. 

To find the latitude hi/ the meridian altitude (f a fixed 
star, and its declination. 

The (lccliiuiti»»!» dl* a fixed star cluingeH so slowly, that we 
may. without any practical (‘rror, take it out of’ the Nautical 
Almanac hy inspection; a (irceiiwich dale will therefore be 
imiicccssarv 

]. Correct the observed ulliludi? for index correction, (bp, 
and refraction, and thus ^et the true meridian altitude; 
subtract this from 90 to obtain tlu* true zenith distance. 

12, Mark the same X. or 8. accurdint; as the star is north 
or south of the zenith. 

8. Take out the star’s declination by inspection from tin; 
Nautical Aimanae, and apply it to the true zenith distance 
in the manner pointed out in Kule XXV 111., Art. o. and 
thus j^et the latitude. 


Feb. 10, IK.'ill, the observed meridian altitude* of a llydne 
was 35“ 50' 10" (zenith north of star), the inde.x correction 
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was -f 2' 10", and height 

of 

eye 0 feet, required the 

latitude. 




Observ^ed altitude 

35'"’ 

50' 

40" 

Index correction . 


2 

JO H- 


35 

52 

50 

lief ract ion . . . 


1 

11 — 

Tnie altitude . . 

35 

51 

30 


90 



True zenilli <li.vt. . 

51 

8 

24 N. 

Declination . . 

S 

1 

29 S. (Xaut. Alin. p. 455.) 

Latitude . . . 

40 

0 


(117.) May 21. 1S53, 

, the observed meridian altitude of 

u Hoot is was 02' 12' 

10" 

('/- 

X.), the index correction 


— d' 4", aiul hcij'ljt of eye IS ftrt. required tiu* latitude. 

Alls., lul. 47^ 1>;V ;i2’' N. 

(IIS.) June 1(5, 1S53. the o]»siTV(*d lueridiaii altitude of 
(I livrir was 77" 1' 5(1' (Z. M.), inde.x eorreetioii + it)", 

and heij»ht of eye 1(1 feet, required the latitude. 

Alls., lat. r»i^ ao' 4" y. 

(119.) jMay (», ISof't, the ohsiTved meridian altitude of 
tt I'irp^ini.s was 52' 5" (Z. A’.), iiide.x eorreetiun -f 1' 45", 
and height of eye 20 feet, required the latitude. 

Alls., lat. 02" 50’ 4'" A. 

(120.) Oet. 20, lS5;h the observtal meridian altitude of 
« Piscis Australis was 70 10' 0" (Z. S ), the index eorree- 
tion — 4' 5", and height of eye 10 feet, required the latitude. 

Alls., lat. 50 21 23" S. 

(121.) IVlay 10, 1S53, the observed meridian altitude of 

Centauri was 10 4' 15" (Z. >r.), index eorrc‘etion — 2' 10", 
and height of eye 20 firt, required tlie latitude. 

A us., lat. O 54' 9" AT. 

(122.) Aug. 1, 1S53, the obsened altitude of a Aquila? 
was 50*' 4' 15" (Z. N.). index correction — 4' 10", and 
height of eye 14 feet, required the latitude. 

Ana., lat. 48"" 33' 32" N. 
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Elnnent^ from Xauticnl Almanac. 


May 21 . 

a Boot is . . . 

Decl. 19*'' otV o7 ' 

’ N 

June 10 . 

a Lyra* . . . 

„ ;is :is f).*) 

N, 

May 0 

« Virginis . . 

„ 10 2;i 40 

s. 

Oct. 20 . 

(1 Piscis .Vu.'^tralis 

;io 2;i 

s. 

May 10 . 

<e C’entauri . 

(U) i;{ ;u 

s. 

Aug. 1 

aAt|llil:e. 

S 29 7 

N 


liulv XXXII. 

To fnd the latitude hu the meridian altitude of a planet, 
and itn declination. 

1. Find ft Grc'cnwioii tlatr in nnain time*. 

2. By nieanrt of llu* Nautical Almanac find the pland’H 
declination lor thi.s datt‘; ami xnIh'Ii ^rcal accuracy in 
r(‘<|uircd take out the planet’s «eniidia>ntdcr and li(U*i/onlal 
parallax. 

8. (\)rrect the ohstu'ved altitude for index corn'ction, dip, 
refraction (and if uece.ssarv for Hcmidiaineter ami parallax 
in altitude), and ihu.'* ^'<*1 the trm* altitmle. Subtract thu 
tnie altitude fnim 1M> to oct the true zenith (b.^tanco. 

4. Alark the zenith dislam’e north or south according as 
the zenith i« north or south i»f the ]danet. 

o. Proceed then as in Rule XX.V11I., Art. o. 


KXAMI’LK. 

November 2(), ISo.'t, at b*' 1S‘“ a.m., mean time m^nrly, 
in long. 62^^ 42' E. observc<l the meridian altitude of Mars’ 
loxver limb to be 52^ 10' 4o' (Z. N.), the index correction 
+ 4' 0", and height of eye above* the sea 10 feet, required 
the latitude. 

Ship, Nov. 19 . . . Ih’* IS*" Planet’s semi. JP 
Long, in time . . . 4 H E „ Jl.P. 0 
Greenwieb, Nov. 19 . 14 7 
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LATITUDE. 




I'UiDct's declination. 


Ot»s. alt. . . . 

52" 

10' 

45" 

J9 . . . . 

. 12" 

5.V 

36^' K. 

lu. cor. . . . 


4 

0 + 

20 .... 

. 12 

47 

1 K. 


52 

14 

45 

•23048 

•5»8(;i5 


18 

35 

Dip 

IT 

3 

10 

56 

49 



10 

r>6 

8eiiu 



3 




52 

lo 

52 



I’lomit’s dcfl. 

. 12 

44 

40 y. 

Itefr 



45 — 






r,.> 

1" 

7 





Par. in alt. 



4 + 





True alt. . . . 

52 

tM» 

lo 

Ti 





I'rue zeii. dirit. . 

37 

40 

49 N. 





Pluuet’H dccl. 

12 

44 

40 N. 





Latitude . . . 

5(1 

34 

29 N. 


If tho Hniall corrections of the ])laiict’y seniidianicicr and 
parallax in altitude are neglected, the above example will be 
woi’ked thus : 


Ship, Isov. ID . . 1K*‘ iS'i^ 



Long, in time ... 4 

U E 




Green wieh, Xov. 19 14 

7 



I’ljiuiU H doclinatioii ,^n.. . . 

r,.) 

10' 

45" 

19 

12 5.5 3C»"N. 


4 

t» 

2" 

. . 12 47 1 N. 

52 

M 

3 

45 

•9."'<)1 .'i 

''ri ])q, 


56 

10 r,r, 

52 

h> 

49 




45 - 

I'lanet » deeliu. . 12 44 4U N. tnu alt. 

f,.) 

90 

10 

4 


True zeu. dist 

. 37 

49 

56 N. 


Dcclin. . . 

12 

44 

40 N. 


Latitude . . 

50 

34 

36 N. 


EXAMI’lES. 

3lay 4, lS5d, at 2*' 45"‘ a.m., moan lime nearly, in 
long. 42"" 10' AV., the observed moridian altitude of Jupiter’s 
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centre was IG'^ 42' 10" (Z. N.), iiulcx correction + IV Vi", 
and height of t yc above the sea 20 feet, requirtHl the latitude. 

Ans., hit. GO' GS" N. 

(124.) July 12, 1H53, at 9** p.M., mean time nearly, 

in long. GO'-' GO' E., the obser\’ed meridian altitude of Jupiter's* 
centrt* was 10^ lO' 50" (Z. N.), the index correction — I' 4' . 
and height ef eye above the sea 10 fc‘et, required tiu* 
latitude. Ans., hit. 57'^ 45’ G7" N. 

(125.) A'ovemher 27. 1S5G, at G*‘ G’'‘ a.m., mciin time 
nearly, in long. ItKl (»' IV., the ob.served meridian altitiuie 
of Mar.■^’ ei'iitre was G2" 40' 10' (/. S.), index e*)rreeti*m 

— S' 10’ , and height of eye l(i f(i*et, ri‘*juiri‘d the latitmle. 

Alls., hit. to 15' O' S 

(12G.) kSejit. 15, ls5G, at V' 20'" a.m., mean lime JU'arly, 
in long, lit G' W., the observeil meridian ullitudt* of 
Saturn’s eeiitre was 19' 42' 10" (Z. X.), index eorreetion 

— G' 45", and heiglit of eye 12 feet, required tin* lalitinie. 

Ans., hit. ss 55' 21' N. 

(127.J Jan. 12, JS5G, at 7*' 9'" p.m., mean time nearly, in 
long. G2 0' AV., tin- observed meridian altitude ol‘ Sal urn's 
centre was G2 42' lo’ (/. S.), index <*orreetion — V lO", 
and height ol’ eye 20 feet, recpiired llu* latitude. 

An.-.., lal. 1 I GG' 41” S. 

(12S.) June 7, 1S5G, at 5‘‘ 40'" n.M., mean time nearly, 
in lung 72 GO' E., the observed meridian altitude of Venus 
was GO 40' lo" (Z. S.), indi'X eornrliun -f 4' 20", and 
height of I ye 21 feet, requirtal tin- latitud**. 

Ans., lal. G5 G9' GO" S. 


Elements Jrom Nautical ^ilmanac. 


I’larurt'H (J<-c-liiiati'>ii. 

May 3 . . 22= 4G' 

4 . . 22 4G 

July 12 . . 22 IG 
IG. . 22 15 


j j^S. Jupiter. 
^y}s. Jupiter. 
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PUuet'H declination. 


Nov. 27 . 

. 11 

48 

44 

}n. 

Mars. 

„ 28. 

. n 

40 

44 

Sept. 14 . 

,, 

. IS 

. 18 

24 

24 

50 

38 - 


Saturn. 

Jan. 12 . 

. 12 

54 

54 

5 ' 
24 . 

}s. 

Saturn. 

„ 13. 

12 

June 7 . 

. 23 

. 23 

42 

48 

15 " 


Venus. 

8 . 

1 J 

1 


liuU XXXIII. 

To find the latitude luj the meridian altitude of a heavenhf 
hod If hehne the pole, and the declination. 

Li‘i X be the place of a heaveiily bfxly on the iiieritliaii. 

bel(»w the pole of the heavens P; 
^ " then NX = meridian altitude below 

pole, 1* X = polar distance = IKf — 

/ * declination. Xow, PN = altitude of 

u. i pole = latitude of spectator, whose 

7.enith is z, and p n or latitude = 
\ N X -f p X = altitude -f 9(f — de- 

_ cliuation. Hence this rule for find- 

^ ill" the latitude from the meridian 

altitude below the pole. 

1. Find the declination of the heavenly body at the time 
t)f obsen’atioii. 

2. From the observed altitude get tlu* true altitude. 

It. Add 9(F to the true altitude, and from the sum sub- 
tract the declination ; the nauaiiider will be the latitude. 

KXAMn.ES. 

1, April 27, 1853, the meridian idtitude of a Crucis below 
the south pole was obsened to be I F 10' dO'’, the index 
correction was -f 4' 4", and the height of eye 20 ftH*t. 
rtHjuired the latitude. 
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Observed altitude . 
Index corrt'ction . 

Dip 

R<‘fraotion . . . 

True altitude . . 

Star’s deeliiialion . 
Latitude . . . 


14° 

10' 

30" 


4 

+ 

14 

14 

34 


4 

24 — 

14 

10 

10 


11 

47 — 

14 

G 

23 

00 



llM 

G 

23 

(12 

17 

10 

41 

41) 

13 S. 


2. Juno IS, 1S5:1, at apparent inidnij^lit, in lonj;. ICKV 
W.. the observed meridian altitude of the sun’s lower limb 
below the north pole was S' 42' 10", the index eorreetion 
— JV, and height of cyo above the sea 1 1 feet, reipiired the 
latitude. 

Ship, June IS 12*' 0"* 

Long, in time . . (> 40 W. 

GreciiNNieh, June Ih IS 40 


Suu's ncxtii . 

IS 25' ;w'\. 

H» n 2r, aa N. 

1 3 

•10915 
2-234 OS 

2-34323 . . 0 49 

Suu’ii dccliii. . . 23 26 25 N. 


OLh. lilt. . . 

S 

42' 

10" 

111. I’or. . . 


3 

0 -- 


h 

39 

10 

Dip. . 


3 

41 


s 

35 

29 

Semi. . . . 


15 

46 -f 


8 

51 

15 

Cor. in a It. 


5 

r.i - 


8 

45 

24 


90 




98 

7F 

24 

Sud'h decim. 

. 23 

26 

25 N. 

Latitude . . 

. 75 

18 

59 N. 





liATlTUUi!;. 


(129.) Peb. 10, 1853, the meridian altitude of a Argus 
below the pole was observed to be 6° 41' 15", index 
correction — 2' 10", and height of eye above the sea 14 feet, 
required the latitude. Ans., lat. 43° 50' 18" S. 

(130.) January 11, 1853, the obsen ed meridian altitude 
of a Urwac Majoris, below the pole, was 14" 14' 30", the 
index corr(*etion — 1' 5", and heiglit of eye 20 feet, required 
the latitude. Ans., lat. 41^ 29' 47" N. 

(131.) A])ril 20, 1H53, the observed meridian altitude of 
tf Arf»u.s. lielow the ])ole was 20' 14' 15". the index eor- 
rociion — 1' 5", and the height of eye 10 feet, required the 
latitude Ans., lat. 51“ 9' 27" S. 

(132.) June 1, ls.53, in long. 30- 52' W., the observed 
meridian altitud(‘ of the sun’s lower limb, below the pole, 
was 10- 12' 0", the index correction 2' 10". and height of 
eye 20 feet, rcijuired the latitude. Ans., lat. 77 H'O" N. 

(133.) June lo, 18.53, at 2*' 10"' a..m.. mean time nearly, 
in long. 30' W., ob.served the meridian altitude of the 
mooifh l(»wer limb, below the pole, to ht' 11 30' 10", index 
eorreetion + 2' 15‘, lieight of eye 11 feet, required the 
Intilude. Ans., lat. si 32' 31'' N. 

(131.) July 1, ls.53, at 9'* 30"' r.M., mean time nearly, in 
long. 02' W., the oh.served meridian altitude of Mars below 
l!ie p(de was 10 32' 30'', index eorria'tion — 3 0", and 
lieight of eye IS feel, required tlie latitude. 

Ana., lat. 79“ S' 32" N. 

Elvmvuti: from yauticiil Almanac. 


SUr’h (Icchiutloii 


Feb. 10 . 

(1 Argus . . . 

52' 

30' 71" S. 

Jan. 11 . 

a Ursa' Majoris 

02 

32 20 N 

A])ril20 . 

»/ Argus . . . 

5S 

51 59 S. 


Sun' 8 KmldiamtUtir. 

. 15' 4S" 


Sun 8 ilocUnaUon 

June 1 . . 22° 5' l-'.'J 

2 . . 22 13 10 J *' 



CiaCUMMEBlDlAN ALTITUDES. 


188 


Moon’s decllnaUon. Moon’s semi. Ilor. par. 

June 9, at 16** . . 24° 3' 61" N. . . mid. 15' 0"-4 . . 64' 67"*6 
„ „ 17 . . 24 0 11 N. . . noon 16 4 *0 . . 66 11 '0 

Planet’s declination. 

July 1 . . . 21° r 
„ 2 ... 21 15 9 

Latitude hy ohservations off the meridian. 

Ill the volume of astronomical problems* will be found 
several methods for finding the latitude di'jieiidiiig on some 
parliculiir bearing or hour angle of the heavenly body : as, 
when it bears due east, or, when it is in the horizon, or 
when the hour anglt‘ is 0 hours, &c.; but since it is difticult 
to determine the precise moment when the heavenly body is 
in either of these positions, the methods referred to ai’e of 
little use in practice. Problem I 111, how(‘ver, is one from 
which a useful rule may be derived, us it depends on the 
declination, altitude and hour angle of the heavenly body. 
The altitude and declination are (‘usily obtained at sea; the 
hour angle is only known accurately when the ship time is 
given, and this is a (|uantit\ soiiiew hat ditlicult to discover 
independently <if an observation: tin* shi]» time, however, 
may always lu' considenal to be known nearly. To nmder 
therefore a rule for finding I lie latitude, depending on the 
declination, altitude and ship time of practical value, W(^ 
must ascertain in what j)o.sitit)n of a heavenly body an (‘rror 
of a few minutes in the ship lime will produce the Hinallcst 
error in the latitude deduced from it : and this wo find will 
be the case, if the observed altitude is taken w hen thi* body 
is nrar the meridian. It is for this n^ason that single 
altitude observations taken t>lf the m(*ridian for finding the 
latitude are confined to bodies w ithin half an hour of the 
meridian, when the time at the ship is uncertain to 3 or 4 
minutes. 


• “Problems in Astronomy. Ac., and .Solutions," i»i». 3:i, 34, Ac. 
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To find the latitude from the hour angle, altitude, and 
declination of a heavenly body. 

Let p z Q be th<‘ celestial meridian, p the 
pole, z the zenith, and x the place of a 
heavenly body. 

Then in the triangle p x z are given the 
hour angle P, the polar distance r x =r 90 

X ± declination, and the zenith distance 

z X = JK) — altitude, to find p z the colati- 
tude, and thence the latitude. 

Invent igation. 

Let fall a perpendicular xm upon the meridian pq, thus 
forming two right-angled 8ph(*rical triangles p x M, z XM. 
Let p X = j), — a, V ~ h. 

also PM = X, z M = y, x M = r. 

Then colat. p z = x — y, when the ptTpendicular x M does 
not fall betwt'en the j)ole and the zenith, and p z = x -f //, 
when the jHTpendicular does so fall, a position easy to 
<iiscov('r by obacn^ation. 

Firnt. To find x or p M. 

In triangle p x m . . cos. h = cot. p tan. x 
tan. X = cos. h tan. p. 

= cos. hour angle cot. dcel. (1). 

Si'cond. To find y or z m. 

In triangle X p M . . cos. = cos. z . cos. x 
In triangle z x m , . cos. a = cos. y . cos. z 

dividing, so as to eliminate cos. z . . ^ ^ 

cos. a cos. y 

cos. y =. cos. a . cos. x . sec. p. 

= cos. X . sin. alt. cosec. di'cl. . . . (2). 

Formul® (1) and (2) determine x and y and thence the 
latitude, since colat. = x i y. 
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EXAMPLE. 

Given, liour angle = 3^ 5"‘ 3(>*, declination = 10"'' 51' 26" N.. 
and altitude = 35^ 4' 7", to find ^ — j/ the colatitudc. 


Tan. 

X = cot. f/, cos. h. 

Cos. y — cost'c. 

d, sin. alt. oor. x. 

Cot d . 

. . . 0-715072 

('*0800. d . 

. . . (»-722S»iil 

Cos. h . 

. . . 0-8:t80]0 

Sin. alt. . 

. . . H -7 50332 

Tan. ir . 

. . . 1 0-55^082 

Cos. X . . 

. . . je43(M»25 


X = 74° 23' 7" 

Cos. y . . 

. . . 1» 012343 


y = 3.') 1 1 30 


y = 35" 11' 30" 


30 1 1 37 




IHl 

Latitude . . . 50 48 li:i X. 

A rule deduced from the above formuhc is opt‘n to the 
objection of a distinction of cas(‘s. I'or, tirst, if the perpen- 
dicular XM fall upon 1* z, between the j)olc and tlie zenith, 
then the colatitude pz is e(|ual to .r 4“ // or the tw<» ares 
must be added, insteatl of being subtracted as in the* abovt* 
example. Secondly, If the declination and latitudii are of 
ditferent names then tangent x isnegaliv(‘: this is evident 
by a figure. To find x in the latter ease tlu‘ are taken out of 
the tables must be subtra«*ted from 1S(P. If tlje studt'lit is 
able to discover these distinetitnis, th(‘ abovi' formula is 
valuable, as he cun derive from it a usid'ul and practical 
rule. 

We will now proceed to give another rule, which is fn*e 
from the objection mentioned above; this ruh?, howevtT, 
will re(juire the latitude to be km»wn within a (piarter of a 
degree of the truth, otherwise it may be necessary to repeat 
a part of the work, perhaps more than once. 

To find the latitude from the altitude of a heavenly body 
near the meridian, and its declination and hour anyle. 

Let P be the pole, z the zenitlg P z g the celestial meridian, 
p g =: IKT, then z g = latitude of spectator. 
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Let X be the place of a heavenly body near the meridian. 

Draw the circle of declination i* x and circle 
/ • of altitude z x through x, then in the spherical 
triangle p z x are given the hour angle p, the 
/ polar distance p x, and the zenith distance 

z X, to lind the colatitude p z. This may be 

/ ^ done by dropping a perpendicular from x 

upon Viif in the manner pointed out in 
Problem 131 of the Astronomical Problems: 
, but tlie direct method of solving it being 
long and tedious an analytical Ibnnula is 
obtaiiu^d for tliis purpose? (see a.stronomical pr(,)blenis, p. 201). 
from whicli the following rule is deduced. 

XXXIV. 

To find the latitude from an altitude of the »un near the 
meridian. 

1. Find th(‘ (Jreenwicli date in mean time. 

2. Take out the declination and equation t)f time i’or this 
date. 

3. Tojind the nuji'n hour auft. To the Greenwich mean 
time found as accurately as possible apply the longitude in 
time; subtracting if west, and adding if east ; th(‘ result will 
be ahij) mean time : t(» this apply tlu' equation of time with 
its proper sign to reduce mean time into appiu*eiit time ; the 
result will be the sun’s hour angle. 

■1. Add together the following logarithms, — 

Constant log., 0 301 030 
Log. cosine declination. 

Log. cosine estimated latitude. 

Log. haversine hour angh?.* 

reject 30 in the index, and look for tlie result iis a logarithm, 
and take out its natural number. 

* Or, iustoad of log. haversine. twice the log. sine of half the hour 
angle (rejoctiug in this case 40 from the index). 



SOT NEAB MERIDIAN- 


lar 


5. Correct the observed altitude 

semidiameter, correction in altitude, and tbuB get a zenith 


6. Prom the versine of zenith distance subtract the 
natural number found as above. The remainder wiU be 
the versino of a meridian zenith distance, which find from 
the tables. 

7. Under the meridian zenith distance put the declination, 
and proceed to find the latitude by one of the preceding 
rules for finding the latitude by a meridian altitude. 


Note. — If the latitude thus found tliffor much from the estimated 
latitude used in tlio question, the work should be corrected by using 
the last lutitude found, in place of the former ouc. 


LXA.MJ’EES. 

August 22. 1853, a.m., in latitude b} account 50 dS' N., 
and long. U 0' W., a eliroiiometcr allowed ll*' 50"' 22“, 
error on Greenwich mean time being ‘J;0‘2" fast, wlieii tiu? 
obaerved altitude of tlu* sun’s lower limb (in artificial 


horizon) was 101' Ul' lO” (Z. 
required the latitude. 

Chro. showed . 11‘‘ a.m. 


Error of chro. . 

40 -2 fjwt 


11 49 41 '8 

12 

Gr. Aug, 21 

23 50 



Suij'ii dei’litiHtion. 


21 

. . . 12 4' 

57" X. 

22 

. . n 44 

5ti X. 


20 7 


(1(1303 

-95172 

-95475 . . 19 59 

Dccliu. . . 11 44 58 X 


2s.), index correction -f 30", 

To And (he hour 

Chro. showod . .11'' 50'” 22* 
Error on G. M. T. 10 *2 - 


G. M.T. 12'' ^ 
Loug. iu time 

11 49 

4 

41 *8 

24 W- 

Ship M. T, . . 
E*j. of time 

. 23 45 

2 

17 *8 

39 *0 

Hour uuglc 

. 2.3 47 

50 *8 

yf ihiie. 

2™ 

. . . ... 2 

54* mid 

39 

'(»o3(»3 

2-85733 


15 

2*86(1.3(5 . . . 


15 


2 

39 



LATITUDE. 


];38 




Oba. alt. in horiz. 

lor 

14' 

10" 



In. cor. . . . 



30 + 



2 

) 101 

14 

40 

Ck>QBiant log. . . 

0-301030 


50 

37 

20 

Liog. cos. ilec. . . 

9-990303 

Semi 


15 

51 

„ <toH. eat. lat. . 

„ Imv. H. A. 

9-3007.37 

0-S39449 

(Njr. in alt. 

50 

53 

11 

42 — 

Nat. No 

2-932019 

K.'iS 


5(» 

90 

.'12 

29 

Vera. /cn. cli.4. . . 
Nat. N(» 

224232 

855 

Zen. cliat. . . . 

3!» 

7 

31 

Ver. iiicr. zeii. diat. 

223377 

. . . arc. . . 

39 

o 

51 N. 


220 

Declin. . 

11 

44 

.'18 N. 


157 

Latitude . 

50 

47 

49 N. 


Ak lliiH latitude tliff«‘rs fn»m the estimated latitude, one 
part of the above operation should be repeated, using 
lat, 50^ 47' 49" instead of 50® 48', thus — 

('onslant log. . (V9010IU) 

Log. cos deel. . . . 9*99OS0:t 

Log. hav. II. . (i'859i-t9 

Log. cos. 50 47' 49 . t) 8(K)770 

2 952058 
855 

The same natural number as befoiw vvhieh shows that the 
erroneous latitude used in the tirst operation produced uo 
practical error in the resulting latitude. 


Thr altorv cjrawple ivorkvtl In/ formultr, p. 134. 
tan. X = cot. deel. cos. hour angh" 
cos. // = co-sec. deel. sin. alt. cos. x. 


<’ot, <lecl. . 

. 03)81 9.^7 

t'oaec. tleel. 

. »e(19n53 

t’o». h . . 

. 9"999399 

Sin. alt. . . 

9-889732 

Tan. .r. . , 

. 10-<)81350 

Cua. .r 

. 9-309423 

a- . 

78^’ 14' 5" 

Coa. y . . 

. 9-890308 



y ■ • 

89 y 54" 



j- . 

78 14 5 


X ~ y. 39 12 11 
90 

Laiitxtde 50 47 49 N. 
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(135.) May 10, 1853, a.m., iu latitude by account 50° 
50' N., and long. 2° 10' AV"., a chronometer showed 
11*^ 51"* 58®, error on Greenwich mean time being ll"‘ 31* 
fast, when the observed altitude of the sun’s lower limb 
was 56° 19' 30’ (Z. X.), index correction — 3' 20", and 
height of eye IS feet, required the latitude. 

Ans., lat. 50°r>l':U"X. 

(13G.) Xov. 14. 1S53, p.m., in hit. by account S7° 41' S. 
and long. P 0' W., a chronometer sliowed 0*^ 25"' 27‘, error 
on Greenwich mean time being fast 5"* 5()’7*, wlien the 
observed altitude of the sun’s lower limb was 20° 2(5' 20" 
(Z. S.), index correction — 2' 2(V', and height of eye 10 
feet, required tlu* latitude. Ans.. hit. S7 ’ 42' 15" 8. 

(137.) dune 30, 1S53, a.m., in hit. by account 63° 20' X. 
and long. 23^^ 30' AV., a chrononu‘UT showed 11’‘ 30"‘ 15'*, 
error on Greenwich mean time being 7*" 32* fast, when the 
ob.served altitude of the sun’s ujquT limb was 4 1' 20' 22'' 
(Z. X .), index correction -f 2 20", and height of eye 14 feet, 
required tlu* latitude. Ans., lat. 63 ' 21' N. 

(13S.) July 1(», 1S53, A.M. in lat. by lu'count 57' 21'' N. 
and long. 3 Kt AV.,a clironometer showed 11*' 20"* 15", (*rror 
on Greenwich nuau time beiui: 30"* 30* slow, wlum the 
obsen’ed nltitudf of llie sun s hiwer limb was 51' 17' 19'' 
(Z. X.), inde.x corn'ctiou —-2' lO", and height of (‘yo 20 
feet, re<juir(^d the latitude. Ans., hit. 57 25' 25" X. 

(139.) May 20, 1.S53, a.m., in lat. by aeeouut 7!1' 4S' N., 
and long, 41° 30' E., a clirtuiomeOT showed 11** 30"* 0", 
error on Greenwich mean tlim* being 15"* 20" slow, w*hen the 
observed altitude of the sun’s lower limb (in artificial hori- 
zon) was 51° 30' 20" (Z. X.), inde.x correction — 4' 30", 
HHjuired the latitude. Ans., lat. 79' 48' 30" X. 

(140.) June 16, 1853, p.m., in lat. by account 52'^ 25' X., 
and long. 1° 6' W., a i hronometer showed 1** 2"* 9" error on 
Greenwich mean time being 40"* 30* fast, when the (Jiserved 
altitude of the sun’s lower limb was 60° 37' 50" (Z. N,), 
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index correction — 2' 10", and height of eye 17 feet, required 
the latitude. Ans., lat. 52° 24' 15" N. 


Elements from Nautical Almanac. 


Sun’H decllnatlrm. 



Equatiuii of time. 

May 9, 

17'^ 

24' 

37" 

N. . 

. 3"* 

45-9S 1 

» 10, 

17 

40 

25 

N. . 

. 3 

48 *67 J 

Nov, 14, 

IH 

18 

5 

S. . 

.15 

22-9 -1 

15. 

18 

33 

30 

S. . 

.15 

12*8 J 

June 29, 

23 

14 

31 

N. 


3-7 1 

.. 30, 

23 

11 

3 

N. 

. 3 

15-6 J 

duly 1', 

22 

21 

48 

X. . 

. 4 

56 -S 1 

u 16, 

22 

14 

22 

X. . 

. 4 

59-5 J 

May 19, 

19 

48 

45 

N. . 

. 3 

47-7 1 

„ 20. 

20 

1 

23 

X. . 

. 3 

44-9 J 

Juiu! 16, 

23 

22 

15 

N. . 

. 0 

18-8 *1 

17. 

23 

24 

8 

X. . 

. 0 

31 *•; J 


added 


Sun’s 

. 15' 52" 
. 16 13 


subtracted. 15 46 


subtracted. 15 46 


lidded 


50 


subtracted, 15 46 


To find ihc latitude h/ Inman's rule for doulde altitude. 

Tilt* most general rule for lindiug tlic latitude hv a double 
altitude of a heavenly body is the one selected by Dr. Inman : 
the labour of reducing the observations is somewhat grcatiT 
than in the one known as ivory’s Kule, which follows : but 
the great advantage of the method adopted by Inman is that 
it may be applied to the same or ditVereut heavenly bodies, 
observed at the same uistant or at diifen'iit times : w’o will 
give examples of its apjdication 
^ to all the eases that usually occur, 

referring the studinit ibr more 
complete infonnation on the 
subject to the Appendix to 
“ Inman’s Navigation.” 

Let 1* be the pole, z the 
zenith, X and y the same heavenly 
body observed at different times; 
^ or difierent heavenly bodies ob- 

served at the same instant, or different heavenly bodies 


/ 




\\ 


i- 







DOUBLE ALTITUDE. 


141 


observed at different tiiaes. Let zx zy be tbeir zenith 
distances. Then in the figure we know by observation z x 
and z y, and firom the Nautical Almanac we can find the 
polar distances px and py ; also by means of the elapsed 
time as measured by a watch, or from the right ascension of 
the bodies, or from both, we can compute the polar angle 
X p y ; the colatitude p z may then be comj)utcd in tlic fol- 
lowing manner by the application of the common rules of 
spherical trigonometry. 

1. In triangle p y x are given two sides P x, p y and the 
included angle x vy to find x //, which call arc 1. 

2. In triangle px // are givt'n three sides J* x, vy and are 
1, to find angle PX//, which call are 2. 

3. In triangle zx // an* given llinM* sides z x, zy and 
arc 1, to find angle z xy, wliich call arc 3. 

1. Arc 2 — arc 3 = angle p xz = arc t. But if the arc 
xy (^ra^\n througli \ and y pass wlien produced ))elwe(‘n p and 
z tlu* pole and the zonilh, then 
it is ('vident by the annexed 
figure that tlie are 2 -H arc 3 
= p X z or arc I. If the are 
X y produced pass nt‘ar z, the 
hodirs X and y in such a posi- 
tion should not be obsei*AiMl. 

Lastly. In triangle PXZ are 
given the two sifles i* x and z x 
and arc t (namely, thi‘ in- 
cluded angle PXz), to find pz the colat it udi*, and thence 
the latitude. 



Correction for run. 

If the ship have moved in the inli'nal between tlu* 
obsen’ations, the second altitude will in general differ from 
what it would have been if both obsenations had been 
taken at the same place. On this account it is usual to 
apply to the first altitude a correction so as to reduce it to 
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what it would have been if taken at the place of the second 
observation ; this quantity is called “ the correction for run 
of the ship,” and n)ay be caleulatt*d as follows. 

When a ship describes an arc on the surface of the sea, 
the zenith describes a similar arc in the celestial concave : 

let, theref(jn*, z be the zenith of the 
z ' ship at the first observation, z' its 

zenith at tlie second obsen atioii ; 
then arc z v! measures the distance 

\ run in the interval. Let s be the 

\ 

phu*<‘ of tlie heavenly body at the 
\ first observation; with centre s at 
distnm*e s z, describe an arc cutting 
j. a z, fig. 1, or s z produced iii i), fig. 2; 
then the triangle zz'n being small, 
may be considcri'd as a right-angled 
plane triangle, and z n is the eorn'ction to be aj»[>li(‘d to zs 
in order to get z' s the distance of s fn)m the zenith at the 
second obse nation. 

jNuw z 1) = z r eos. z I) 

= distance run x cos. angle between the direc- 
tion (jf tiu‘ sliip's run and the bearing of the 
sun at the first (d).scrvation. 

This correction zn may be readily found by means of the 
traverse table, for sinee (Astronomical I*r(»blems, p. 122), 
DifT. lat. = dist. cos. c(uirse; if tluTcforc in triangle 
z z' n the angle z // d 1h> considered as the eourse, and z z' 
the distanci', thi‘ correction z n for run will correspond iu 
the table to the diilcn'iice of latitude. 

The angle z'z u is the ditferenci* between the eourse of 
the ship in the interval and the true bearing of the body, 
when the run of the ship has been tiiwards the place of 
the body, as in fig. 1 ; and what this angle wants of ISO'^ 
or lf> points when the direction of the ship’s run has been 
from the place of the body, as in fig. 2. In the former 
case it is manifest that the correction z n for run must be 


,1 

1,1 

ri^. 1. 
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added to the first obsenvd altitude, and in the second sub- 
tnR*ted, in order to get the altitude of the body, the same 
08 it would have been if it had been also observed at the 
place of tlie ship at the second observation. 

Bulr XXXV. (^for run). 

1. Enter the traverse table with the distance run as a 
distance, and the angle (su])posed less than S points) 
between tlu' trn<‘ bearing of the heavenly body at the first 
obaenation and (‘ourse of the ship, as a course, and take 
out the corresponding dijr. hit., which add to the first true 
altitude (the tt'iiths in the difi* hit. being turned into 
seconds, by multiplying them by (K>) ; the ri‘sult will bo the 
altitude corrected for run. 

2. But if the above angle be greater than H points, sub- 
tract the same from 1(> points, and look out the remainder 
as a course, and xuhtraef the difV. hit. corresponding thereto 
from the first true altitude; the result will be the altitude 
corrected for run. 

1. The course of the shiji was X.W.', AV^ 10 miles, and 
bearing of tlie sun E. by S., reipiired the correction for the 
first altitude for run. 

The angle betwi*en X.W. 1 and K. by S. is l!li points, 
subtracting UU from 16 ]>oiiits ; enter traverse table with 
the rtmiainder, namely, 2^ us a course and 10 miles ns a 
distance : the corresponding diff. lai. is S' S = S' iS" to bc' 
nuhtractcd from the true altitude. 

2. The course of the ship was E. X.E. 25 miles, and 
bearing of the sun E. by S., required the correction of the 
first altitude for run. 

The angle between E.X.E, and E. by S. is 3 points ; 
entering traverse table with 3 jioints as a course, and 
25 miles as a dihtam*e, the corresponding diff. lat. = 2S'*8 
= 20' 48" to be added to the true altitude. 
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(141.) The true course of the ship was 15 miles, 

and the true bearing of the sun S. by E. i E., required the 
correction of the first altitude f(»r run. Ans., + 5' 42". 

(142.) The true course of the ship was AA. I IS. 19 miles, 
and the true bearing of the sun was S.byE.^E., required the 
correction f<»r run. Ans., — 7' IS". 

Rules for Jlndirif/ the latitude la/ double altitude. 

Rule XXXVI. 

First. AVlien the object observed is the sun. 

1. From the estimated mean time at tlie ship at each 
observation, and tlie longitude, get two Greenwich dates. 

2. By means of the X’autical Almanac find the declination 
for each Gn'cnwicli d.ato. Takt* out also from the Almanac 
the sun's seinidiamet(‘r. 

9. Find the polar distance at each observation by sub- 
tracting the declination from if the estimated latitude 
and declination are rtf the saint' name; or by ailding 00' to 
the declination, if the t'stimaled latitude and di'clination are 
of dith'nmt names. 

4. C'orrect tlu' two observed altitudes for index correction, 
dip, semidiameter, and correction in altitude. 

5. Correct also the first altitude observed for the nin of 
the ship (p. 1451). 

(>. Subtract th<' true altiturles thus obtained from fHF and 
thus get the zenith distances. 

7. Find the polar angle (»r elapsed time between the 
observations, by siditracting the time shown by chrono- 
meter at the first observation from the time shown by 
chronometer (increiusi'd if necessary by 12 hours) at second 
obsi'n'ution. 

Notk. — W hen groat accurat y i.^ requircHl, this elapsed time should 
be coiTOcted for nito of chruiiouieter, nad al.^o for the change in the 
equation of time in the iuton ol: but these corri'ctious are seldom made. 

8. To find arc \ (using Inman’s Tables). Add together 
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log. sin. polar distance at greater bearing, log. sin. polar 
distance at lesser bearing, and log. liaversine of polar anijle ; 
reject 10 ill the index and look out tlu‘ result as a log. 
liaversine; the arc corivsponding tluTcto is are I nearly. 

9. To Jiml arc 2. Under arc 1 jnit jiolar distance at 
greater bearing, and take the difference, under which put 
polar distance at lesser hearing; take the suni and dillerenet' 

the two last quantities. Add together the log. cosecant 
of the two first arcs put down, and halves of tiu' l(»g 
haversines of tlie two last arcs put down ; the sum, rejecting 
10 in inil(‘x, is the log. liaversine of are 2, wliich take from 
the Tables. 

10. To find arc 51. TiuhT arc 1 put zenitli distance at. 
greater bearing, and take the differenct', umh'r which put 
zenith distance at lesser bearing : iakt'thc sum and dillercnce 
of the last two quant iiie.s. 

Add together the log. cosecants of the two first arcs put 
down, and halve the log. haversines ol’ the two last arcs 
put down : the sum, rejecting 10 in indi x, is the log. haver- 
sine of arc .‘h w hich taki' from the Tables. 

11. To find arc t. I'he difference between arc 2 and 
arc II is arc 1. 

Note.- When tin- arc tie* pl;iros of tlir nun at tin* two 

(tL.sorviitioMs jta.S'f', wlioii j»ro«lucc<l, tiotwoon tho /cnith and {mlf 
(whicli the ohserver may eju^ilv distMvor at the time the <>l»Ht'i valiiin ih 
taken), then the snin of hits *J and 3 in arc 1. 

12. To find arc 5. Add together log. sin. jiolar dist. at 
greater bearing, log. sin. zenith distance at greattT hearing 
and log. haversine of arc 1, the sum. njccting 10 in the 
index, is log. havcTsinc of arc, which take from the Tables, 
and call arc 5. 

Take the ditferenee between the |>olar distances at the 
greater bearing, and the zenith distance at greater b(?aring. 

Add together versine of arc 5 and versinc of the differ- 
ence just found; the sum is the versiiie of the colatitudc, 



LATITUDE. 


H6 

which take from the Tables, and subtract from 90®; the 
result is the latitude required. 

EXAMPLE. 

Ort. 11, in latitude by account 5-4® N. and long. 
88® 15' \V., the following double altitude of the sun was 
observed. 

M«‘*n tlmr tjwirly. Chw. Alt. sunA L. L. BcAring. 

7" A.M. n** 40* IfC r 0' 20" KS.E.|E. 

10 :t5 A.M. 2 18 20 2r> 3 80 S,S.E. 

Ti»e run of the ship in the interval was S. by W. 15 
TTiilea, index correction + 10" and the height of eye above 

tlie sea was IS feet: required the true latitude at the 
second observation. 


At brnrtnn 


At leaa bearing 


.Ship, Ort. 10 . 

, 10»‘ 

4.5'* 

.Ship, Oct, 10 


22*' 86“ 

Long, ill tiiiK' . 

!> 

8.8 W. 



r, 

38 \V. 

Oct 10 . . . 

OP, 

IH 

Oct. 10 . . 


28 

8 

(ir. 0,1. 11. . 

1 

18 

Or. Oot. n , 


4 

8 

Owl. at urentor licarlni; 

Ilecl. at IfHR hearing. 


11 

7' 4' 

38" S. 

11 

< 

4' 

88- S. 

12 ... . 

7 27 

1.5 S 

12 

7 

27 

16 S. 


L'2 

37 



2-7 

37 

1 •20027 



•76391 




■00084 



•90084 




216711 cor. 

1 

H 

1 •664 7 5 cor. 


3 

64 


7 6 

62 S. 


7 

8 

32 R. 


00 



90 



N. Pol dist . . 

»7 6 

62 

N. Poldiit . 

97 

8 

"82 

At ETMt«r twArtnff 


At IcM bMTlDg. 
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8«a’« altltMd* Kt K wat w bMrinf. Snn't aMtad* at brartni;. 


Obaalu . . 

. »• 

O' 

20" 

Ob«.alt. . 

. . 25* 

3' SO-' 

In. aoT. . . 


5 

10 -r 

IiL cor. . 


6 10 


0 

5 

30 


20 

8 40 

I>ip 


4 

11 - 

Dip. 


4 11 


9 

1 

19 


20 

4 29 

Sami. . . 


16 

3 + 

SemL . . 


16 3 


9 

17 

22 


25 

20 32 

Itefr . . 


5 

33 — 

Rofr. . . 


1 54 


ii 

11 

41» 

True nit. . 

. 20 

1ft 3ft 

Cor. for run 


2 

12 ^ 


1*0 


True alt. 

. 9 

14 

1 

Z. I>. . . 

. . 64 

41 22 


l»o 




At bcarlfiK- 

z. n. . . 

SO 

40 

r»9 





At in>'at«r t«arlitK 


To Jtml arc 1. 


I'hru. tlmra. 

Sin. P. l\ at (1. n. 

9l".*6661 


ll** 40* KV 

Sin. P. D. ut L. IV 

. O'OOOOPl 


14 13 20 

lA>g. hnv. |>ol. un^’l 

• 9-03 122.’ 

Pol. JUiplc 

2 33 5 

Hnv. arc 1 . . 

. 9024 50 : 



Arc. 1 . . 

37" 08' t* 


To Jtml arc 2. 


An;. 1 

37 OsH' t»" . 

. ctmtft'. 

0'2l098l 

I’t)L dint, at fJ 

H.. 97 5 52 

COMCC. 

0MMI333S 

Diff . 

. 09 7 52 



PfiL diet, nt 1. 

B. . 97 9 32 



Sum . 

. 106 16 24 

^ lun. 

. 4 '91*06 If 

Diff. . . . 

38 0 40 

. . . ^ liav. 

. 4 ‘51 2771 



Hnv. arc 2 . . 

. 971771f 



Arc 2 . . . . 

1*2' 31' 45 


To find 

arc 3. 


Arc 1 . . . 

. . 37" 68’ 0" . 

. . . CrMKJC. 

. 0'210981 

Z. D. at G. B. 

. . 80 45 59 . 

. . . CCMMC. 

. 0'0054i64 

Diff . . . 

. . 42 47 59 



Z.D.atL.E 

. . 64 41 22 



Sum . . . 

. . 107 20 21 . 

. . . 4 

. 4*906040 

Diff . . . 

. . 21 53 23 . 

. . . 4 

. 4*278481 



Uav. arc 3 

. 0’4O1667 



Ait:3 .... 

60" 17' 0" 


a 2 
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To find are 4. To find arc 5. 


Arc 2 . . . . 02^ 31' 45" Sin. pol. disk, at G. B. 9-996661 

Arc 8 ... . 60 17 0 Sin. zen. diat. at G. R 9-994386 

Arc 4 .... 32 14 45 Hav. arc 4 .... 8-887148 

Hav. arc 5 ... . 8 8781 45 

Pol. dial, at G. B. 97“ 5' 52" Arc 5 31’ 54' 15" 

Zon. diat. at G. 11. 80 45 59 
Diff. 16 19 53 


Vera. 31’ 54' 15" .... 0151066 
Vera. 16 19 53 .... 0040349 

Vera, colat 0191415 

Calat. 36“ 2' 32" 

_90 

I..aiitudc 53 57 28 N. 

(143.) June 3, 1847, in latitude by account 52° N., 
and long. 72° E., the following double altitude of the sun 
was obsen ed. 

Mean tiiiu* nearif . Chro. Alt. •iiiii'h 1.. 1.. Itearing. 

9‘‘50»*a.m. 9^52*" -28* 51' 17' 45" S.E.h.S. 

11 15 A.M. 11 14 29 59 3-2 15 S.b.E. 

The run of the shij) in the inte^^-al was W. by S. 10 miles, 
index correction — 0' 40" and height of eye 12 feet, required 
the true latitude at the second observation. 

Ans., 50° 48' N. 

(144.) April 11, 1S47, in latitude by oecoimt 50° 20' N. 
long. 10° 30' £., the foUowiitg double altitude of the sun 
was observed. 

Mean time nearly. Cbm. Alt. Rtm's I.. L. Bearinit. 

ll*- 0-a.M. 7^ 5~ 10* 40’ Itv 15" S.S.E. 

2 0 i-.M. 10 6 10 85 15 40 S.W.b.W. 

, The run of the ship in l4ie interval was X.N.E. 29 miles, 
index correction 4- 2' 10" and height of eye 18 feet; required 
the true latitude at the second observation. 

Ans., 50° 5(7 N. 

(145.) April 13, 1847, in latitude by account 41° 20' N., 
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long. 150^ 15' B., the following double altitude of the aim 
waa observed. 

Mmn tioir nearij. ('hiw. All. lUD’t L. L. DMri»K. 

lOk 45 -A. 11 . 7 k SO- 20* O' 2(r S.E.b.a 

2 45 r.M. 11 20 40 40 59 10 a.W.b.W. 

The ruu of the ship in the interval was S.S.E. 25 miles, 
index eorrectiou was — 5' 20* and height of eye 14 feet, 
reijuired the true latitude at second obson'ation. 

Alls., 41° 23' N. 

(140.) April 22, 1847, in latitude bv account 50° 48' N.. 
and long. 148° 30' E., the following double altitude of the 
sun was tibserved. 

]i«4n tinn* nrar).r i’hn*. Alt. min i* I^. L. 

lOk «►* a.M. lOk 2- 2.V 44 20' 0" S. Hb.S. 

11 24 A.M. 11 24 :J4 50 20 (» S.b.K. 

The run of the ship in the intt*rval was 0, index corjx'etion 
-1- 40" and height of eye 0, reijuired tht‘ true latitude at 
sc‘coud observation. Ans., 50° 41' N. 

(147.) Oct. 15, 1848, in latitude by ai’count 53° N., and 
long. 54° E., the following double altitude of the sun was 
olmcrvi'd. 

.Mmm nearly. Clmi. Alt. tun’ii I.. 1.. liearing. 

Ilk 20- A.M. nkir»-50‘ 27 Sr 50" K.b.K. 

1 20 I'.M. n 50 S2 2.’i 45 5 S.S.W. 

The run of the ship in the interval was S. by W. 14 miles, 
index correction 4- 2' 55" and height of eye above the 8«‘a 
15 feet, required the true latitude at second observation. 

Ans., 53° 17' X. 

(148.) Oct. 24, 1849, in latitude by account 50° 40' S., 
luid long. 142° \C., the following double altitude of the sun 
is-as observed. 

Mean tine nearly. Chn*. Alt. ■iin't L. L. Ilearlnfc 

10k 0-A.M. 10k 12- 34' 44 20' 0" H.E.b.8. 

11 24 A.M. 11 34 34 50 20 0 -S.b.R 

The run of the ship in the interval was 0, and height of 
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eye abore the sea 0, required the true latitude at second 
observation. Ans., 60° 46' S.' 


Elements from Nautical Almanac, 


Sun'f dwIiiuUioii. 
June 2, 25^* 8' 60'^N. 
April 10, 7 49 12 N. 

Aprin2, 8 83 22 N. 

April 21, 11 44 26 K. 

Oct. 14, 8 18 13 a. 

April 24, ]] 49 32 S. 


Ban’K aemi. 

June 3, 22^^ 16' 34" N. . 15' 47" 
April 11, 8 11 21 N. . 15 58 

April 13, 8 55 14 N. . 15 57 

April 22, 12 4 46 N. . 15 56 

Oct 15, 8 40 28 S. . 16 4 

April 25, 12 10 19 S. . 16 7 


Second. AVhcii the objects observed are two stars taken 
at tile same instant. 


Bole XXXVIl. 

1. Correct tlie observed altitudes for index correction, 
dip, and refraction, and thus find the true altitudes, which 
subtract from IK)"’ for the true zenith distances. 

2. Take out of the Nautical Almanac the right ascension 
and declination of tlie two stars, and get their polar dis- 
tances as in (21) p. 144. 

;j. To find the polar angle. The difference between the 
rigid, ascensions of tlie two stars is the polar angle. 

4. To find arc 1 (using lumairs Tables). Put down the 
two polar distances under each otiier, and take their differ- 
ence. Add together the log. sin of the polar distance at 
gn*atcr bearing, the log. sin. of polar disbuice at less bearing, 
and the log. haversine of polar angle ; the result, rejtHrting 
10 in the index, is the log. haversine of an arc, which take 
from the tables and call arc A. 

Add together versino of arc A and versine of the differ- 
ence of polar distances ; the sum will be the versine of arc 1. 
which find in the tables. Then proceed to find arc 2, Ac., 
as in Hule 36, p. 146. 

KXAJirLK. 

January 1, 1846, in latitude by account 88° 10' N., 
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the following altitudes of the stars a Pegasi aud a Aquilie 
were taken at the same instant. 

UtM. »)t. m B«artui;. Obft. alt. • AquIUi. IWtring. 

20" 4i*' 27* E.US. br 20' 60* S.S.E. 

In. cor. — 16" In cor. — 15* 

The height of the eye was 41 feet, requirt‘d the latitude. 


At footer Imuinf . 


( )b«erved alt 
Index correction 

20’ 40' 27" 

15 — 

Dip 

•20 40 12 

6 18 

Kefraction . . 

20 42 54 

1 42 

True alt- 

20 41 12 

00 

Zenith distance . 

tiO 18 48 

Star'e declination 

14^ 22' 50" y. 
00 

V at G U . 

75 37 10 

H. A. a Fuguat 

It A. a Aquilic . 

22^ ST* C' 

10 43 15 


PoUr angle . U la 61 


At lenH bearing. 
• Aquilit'. 


Observed alt 

67 

20' 

50" 

Index corructiou 



15 


57 

20 

35 

Dip 


G 

18 


57 

23 

17 

Kefraction . . 


0 

87 . 

True alt . . . 

57 

22 

40 


00 



Zeuitli distance . 

32 37 

20 

Star's docliuatiou 

8" 

28' 

2": 


0(» 



Fol. dist. at L. li. 

81 

31 

58 

Fol. dist at G. 13. 

TS"' 

37' 

10 " 

Fol. dist. at L. H. 

■81 

31 

5S 

DiflT. pol. disU. . 

5 

54 

48 


Tojitul arc 1 . 

Sin. polar dUtauoo at greater beariug . . I»'0{<t;i77 
Sin. i>oUr diatance at lonser beariug . . 0*006241 

Httvcnninc (»olar nuglo 0*220468 

Haversinc arc A 0*2(l787<l 

Arc A 4 7"' 22' 30" 

Yen. arc A 0322006 

107 
6310 
0328122 


47" 47' 16* 


Vera, difference [>ular diatoncea 

Vers, arc 1 

Arc 1 



Atc l ir 47' 16" 

P.D.ata.B. .. 75 37 10 


ooaec. 


0-018823 


Vifferenoe ... 27 49 64 
P.D.atL.R .. 81 31 68 


Sum (8) . . . 

. 109 21 62 

.... i haverame 4*911662 

Difference (D) . . 

. 53 42 4 

.... haveraine 4*654808 



Haverame, arc 2 . 

. 9-710675 



Arc 2 ... . 

Ol*' 34' 0" 


To find 

arc 3. 


Arc 1 ... • 

. 47° 47' 16" . 

, . . cosec. . . 

0-130382 

Zen. dint, at (». H 

. 60 18 48 . 

. . . cosec. . . 

0*061110 

IHfftirouce • • 

. 1-2 31 82 



lieu. (luit. at L. 11. 

. 32 37 20 



Sum (S) . . . 

.40 8 02 . 

, . . J harersiiie 

4-584171 

Difference (Tl) . 

. 20 6 48 

. , 4 liaversiue 

4*241725 



Havorsinc, arc 3 . . 

0*017888 



. Arc 3 . . . .3" 

38' 30" 

T(»find 

arc 1. 

To find arc T) 


.Kt x -2 ... ■ 

. or 34' 0" 

Sin. pol. dial, at G. B- 

0*986177 

Art' 8 . . • ■ 

, 37 38 SO 

Sin. Z. I>. at G. B. 

0*93880r> 

.\rf 4 ... . 

. 53 05 30 

Havorainc, arc 4 . . 

0*312977 



Haverbinc. an . . • 

0*288044 



Arc 

40- IK 15" 



Vera, arc 

034 50 10 

IM). atU.R 

75‘ 37’ 10" 


55 

'A n. at 0. B. . 

. «0 18 4S. 

Vers, difforoiicc . 

0i»35448 

28 

Difference . . 

. 15 18 22 

Vera, arc 5 ... • 

0381445 




363 




H2 



Arc 5 ... OV 4' 

7' 22" 



00 




Latitude 38 12 89 N. 
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(149.) Sept 17, 1844, in latitude bj account 80° 45' N., 
the following altitudes were obserred at the same time. 

Obft. Alt. • Ortonift. BfMurtDg. OIm. Alt • Leonl«. BAArtaf. 

55 * V 8 (r aaw. 45* ly 8 (r as. 

The index correction was -f 55* and height of eje wai« 
8 feet, required the true latitude. Ans., 80° 44' N. 

(150.) Feb. 20, 1840, in latitude by account 80° 40^ N ., 
the following altitudes wore obserrcd at the same time. 

ObA Alt Slritu. ttoAring. Ob*. Alt SplcA. ItoAring. 

50 ' aw. ir :>iv E.aR 

The index correction waa + 1' and heiglit of eye aboxe 
the sea 10 feet, required the true latitude. 

Ans., 80° 87' A* 

(151.) May 1, 1845, in latitude by account 41° 20 N. the 
following altitudes of stars wen' taken at the sainc instant . 
required the true lotitude. 

True alt « CcgAti. lioArint; Tniv Ait a TAuri. IleAiitig 

•;2 44' S.b. R ir 20' 20" E. 

Ans., 41° 22' 

(152.) March 2, 1845, in latitude by account 41° 20' >i. 
long., 00 E., tlic altitudes of the two following stars were 
obsoned at the same time, n*quired the true latitude. 

Tnir Alt. a Andrmnada*. Il<>ArinK. Tnir alt. a Tatiri. lleArinij!. 

73 14' S.b. E, 18 27' 30" E. 

Ana., 41° 28' 

(158.) January 2, 1H47, in latitude by account 38° 10' JV., 
the following altitudes of the stars a Pt'gasi and o Aquila 
were observed at the same instant. 

<tha. Alt a PeirAAi. Bearing. <»ha. alt a Atiuile. Ikviring. 

22' 4»' 27^ E.b.S. 57" 2r 50" 8.S.E. 

The index correction — 15* and height of eye above tlie 
sea 41 feet, required the true latitude. Ans., 82*^ 43' N . 

(154.) Dec. 27, 1847, the following altitudes were obsen ed 

B 8 
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at the same instant, in latitude by account 37^ 10' N., required 
the true latitude. 

True Alt fi Orionie. Beftiing. Tme »lt. « Iledne. Ueftiing. 

6' 11" B.W.b.W. sr 47' 33" aE.4S. 

Am., 37° 13' N. 

miementt from Nautical Almanac. 

Bur’ll right AMeitniMii. Bur’i declJnatiua. 


0 Leonis . . 

5‘‘ 

4G« 

47**9 

12° 

43' 

24" 

N. 

a Ononis . . 

10 

0 

6-8 

7 

22 

23 

N. 

Spica . . 

13 

17 

7-4 

10 

21 

30 

S. 

Sirius . , 

G 

3H 

23 S 

IG 

30 

52 

S. 

a Tauri . . 

4 

27 

3*0 

IG 

11 

30 

N. 

a Fegasi . . 

22 

57 

4 0 

14 

22 

24 

N. 

u Andromedie 

0 

0 

23 -4 

28 

14 

11 

N. 

o Pegasi . . 

22 

57 

H *5 

14 

23 

8 

X. 

a Aquila' . . 

10 

43 

IS -2 

8 

28 

12 

N. 

/SOrionis . . 

5 

7 

15 5 

8 

23 

6 

s. 

a Uydm* . . 

0 

20 

S'2 

8 

0 

15 

s. 

Third. "When 

the 

objects are 

two 

heavenly 

bodies 


ubuerved at difffrent times. 

Let X, figs, (fl) and (5), be the place of the heavenly body 



first obaerred, and y the place of the second body when its 
altitude was taken, and let y be the place of the second 
body when the first altitude was taken. Then in the elapsed 
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time (t) between the obserrations (which measures the 
angle y p y), the second heavenly body has moved from 
y to y, and the polar angle between the two observed 
places of the bodies, namely, xpy is equal, in fig. (o), 1(» 
Apx — Apy + fas (APX-fO — A. Py', and, in fig. (6), to 
APy'~APi — / = Apy' — (APX-f/) (t the elapsed time 
being expressed in sidereal time). Hence the preceding 
rule for finding the latitude may be adapted to this case, 
using tlie angle XPy (the polar angle between the two places 
observed) instead of xpy the diflerence of the right ascen- 
sions of tlie heavenly bodies. 

The jiolar angle x py may be found by the following 

XXXVIll. 

1. Subtract the time shown by the* chronometer at tin* 
first obsen’ation (increased if necessarj^ by 12 hours) from 
the time show'n at the second obsi^n'ation, and thus find 
the elapsed time. 

2. * Correct the elapsed time for rate of chronometer, if 
any, either by proportioiml logs, or by the common rule of 
proportion. 

3. Add t<i the elapsed time so corrected, the acceleration of 
sidereal on mean solar tinn* (taken from table in Nautical 
Almanac or elsewhere). The result is the elapsed time 
expressed in sidereal time. 

4. Add this elapsed time to the right ascension of the 
heavenly body first obsen'cd, and take tlie diflerence betW(*eii 
the sum and the right ascension of the second heavenly 
body ; the remainder (subtracted from 24 hours if greater 
than 12 boura) will be the polar angle required. 

UAMPLEL 

1. The Atitude of a Pegasi was observed when 
the chronometer showed 42* 10*, and the altitude of 

* When great aoouncy is not required, and the elapaad time ia 
w n a ll, thaw two correctiona in 2 and 8 for rate of chronometer and 
aooderation may ba omitted. 
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a Aqiul® was observed when the chronometer showed 
gh 82» 5 »^ required the polar angle between the two places 
observed ; the rate of the chronometer being 12**5 gaming. 


Tlmei hf chnmometer. 

At second obeenration 8** 32“ 5* 

At first obeerration 6 42 10 

1 49 65 

Gr. date log. sun for 49"’ . 1*11697 
Prop. log. for 12-.'; . . . . 2*93651 

4*05348 1 — 


1 49 64* 

Ih . . 9-86 
49- . 8 05 

.54V . *15 


18*06 . 18-*- 

Elapned time in Sidorual time .... 1 50 12 

Uight ascen, a Pogjwi • . 22 57 14 

24 47 26 

a Aquibr 19 43 25 

Polar angle requirtnl 5 4 1 


2. The altitude of Sirius was observed when the chro- 
nometer showed 2** U)"‘ 20", and the altitude of Spica was 
obsen^ed when the chronometer showed 3'‘ 20" 15", required 
the polar angle between the two places observed ; the rate 


of chronometer being 2"’5 losing. 

Time* by chronometer. 

At second oliecrvalion 3*’ 20- 1 5* 

At first olwHirvation 2 10 20 

9 55 

Ilatc of chronometer 0 

Accoloration . . . 1^ . . . 9-8 ^ ^ 

J»- . . . 1 5 

5.5V . . 

11*4 . » 11*4 1 

1 10 6*4 

Right ascen. Sirius 6 88 25*4 

7 48 81*8 

Spies 18 17 10-9 


5 28 39*1 
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(155.) The altitude of ft Oriouis was obaerred when 
the chronometer showed 6** 10®^ 25\ and the altitude of 
a Hydra? was observed when the chronometer showed 
7** 17® 35*, required the polar angle between the two places 
observed, the rate of chronometer being G**3 losing, and 
the right ascension of /3 Orionis 5** 7® 15", and of a Hydra* 
Oh 20 m s»-2. Ans., 3*‘ 5® 32*. 


J^uU XXXIX. 

Givfti, the altitudes of two heavenhf bodies observed at 
different times^ to fndthc latitude. 

1. Proceed as in (1) and (2) p. 150. 

2. Find the polar angle as in Rule 38, p. 155. 

3. Find arc 1, as in (4) p. 150. 

4. Then proceed to fiijd ares (2) (3) (4) &e., as in Ruh* 
3C, p. 145. 


St'pt. 27, 184(1, in latitude by necount -tJf' 3(y N., the 
follo>nng altitudes of the stars a Pegjisi and a Aquila* were 
obsened at different times. 

OlHwrvod altitude. Tlmr* l»y rhron. iWrinif. 

O Pegaai . . 20" 40' 30" . 7‘‘ 35® 10* . H.E. 

aAquilaj. . 54 29 0 .8 2 lo . H.iW, 

The run of the ship in the intenal was S. lU miles, 
the index correction + 1' 10* and height of eye above 
the sea 20 feet, required the true latitude at the second 
observation. 
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At gTMter bearing. At le» bearing. 


« Pegaai. 

m Aqullff. 


ObMrredalt . . 29^ 49^ 80 

Observed alt . 

. 54® 29' 

0 

1 lu + 


1 

10 + 

29 50 40 


54 30 

lu 

4 24 — 


4 

24- 

29 40 10 


54 25 

40 

1 41 — 


0 

41 — 

29 44 35 


54 25 

5 

7 0 + 

Zenith distance 

. 35 34 

55 

29 .51 41 




Zeuitli diatauce . 60 8 19 




Right aac. a Pcgatu, 22** 57* 9*. 

Right asc. a Aquike, 19^ 43“ 

‘19\ 

Declination, 14* 23' 9" N. 

Declination, 

8" 28' 9" N. 


To find the polar angle. 



CbronouL tdiowc^l at first obaorratiou . 7^ 

35"* lip 


„ second 


2 10 


Elapsed time 

.... 0 

27 0 


Right aiiceuiuou a Pegaai 

. . . ■ 22 

.57 9 



23 

24 9 


Right aaoQDsioo a Aquihe . 

.... 19 

43 19 



Polar angle 3 4u 5u 


To find arc 

1. 

To fintl arc 2. 

Pol. diet, at 0. B. . . 

75“ 3(r 51" 

Are 1 

54“ 19' 4" 

]*ol. dist at L. li . . 

81 .31 41 

Pol. iUst. at G. 11. . 

75 .36 51 

Difl*. |>ol distancoB . . 

5 54 59 

Diff. 

21 17 47 

Sin. pol diat at Q. B. . 
Sin. ]H)l. dist at L. B. . 

0-9861 61 
0-995236 

Pul. (list at L B. 

S»in» 

81 31 41 

102 49 28 

Hav. poL angle . . . 

9-381838 

1 tiff. 

6o 13 64 

Uav. arc A .... 

9-318235 

('usee. arc. 1 . , . 

(t90309 

Arc A . . . . 

58® 50' 3U" 

Cosec.pol. dia at (i. B. 

013889 

Vera arc A ... . 

0411274 

4 hav. sum .... 

4-803016 


117 

1 hav. diff. .... 

4-700408 

Vera diff. pol. dista 

0005297 

Hav. arc 2 . . . . 

0-607662 

Vera are 1 .... 

Arcl. . . 54* 19' 4'' 

23 

0416711 

695 

\A 

Arv 2 

80* 49* 45" 
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To find are 8 . To find arc 4 . 


Arc. 1 54* 19' 4" Arc 2 89' 49' 46'' 

Zenith diet at G. a . 60 8 19 Arc 8 4 46 

Diff. 6 49 15 Arc 4 47 46 0 

Zenith dial at L. E . 85 84 56 

Sum 4] 24 10 

Diff. 2P 45 40 

UoHCC. arc 1 . . . . •090309 

Coeec. eeu. die. atO.R *061869 

4 hav. auiii .... 4*548400 

\ hav. diff ... . 4-409623 

Hav. arc 3 .... 9-110201 

Arc 3 42" 4' 45" 


To find the latitude. 

Log. ain. polar dist at greatet lH>tiring . 9*986161 

Log. Bin. zenith dial. 9*988181 

Log. Iiav. an- 4 9*21 4H5S 

Httv. arc 6 9*138650 

Arc 5 43" 33' 0" 

Vera arc 5 0275227 

Vera, diff |K>lar dial, and zenith dint 36214 

41 ^ 

0311482 

^ 

48 


46" 29' 14" 
90 


Latitude . . 43 30 46 N. 
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Latitude hy Ivory's rule for double edtitude. 

Let X and y bo the place of the sun or a star at the times 
when its altitudes are taken. 

Then we have given the polar distances py, p x, the zenith 
distances zy and zx, and angle xpy to find the colatitude pz, 

Bisect xy (an arc of a great 
circle passing through x andy) 
in H, join p m and z M and 
draw ZE at right angles to 
PM. Tlien PM is at right 
angles to xy, and z M x is the 
complement of z m p. 

We have to compute th(‘ 
fuDowing arcs : 

XM, M P, ZE, EM, and mp 
— EM = PE. 

Then knowing z E and p e in the right-angled triangle z p E, 
we can find p z the colatitude. 

If the grt*at circle drawn througli x and y pass when 
* produced between the pole and the zenith, the perpendicular 
z £ will fall without the triangle p z m ; in this case m p -f 
E M ss p £, and p E is formed by adding m p and £ m together. 

We may, however, determine whether the sum or differ- 
enct' is to be taken, by considering that since pz must 
always be less than 90^, P e must likewnse l>e less than 90^, 
and therefore if M p -f K M exceeds 90^, we may be sure that 
PEaeMP — EMor that p E is found by taking the difference 
between M p and £ m. 

The investigation from which the foliowring rule is deduced 
will be found in the author's volume of ** Astronomical 
Problems and Solutions." 
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SuU XL. (Iportf's JRule^ 

1. From the time shown by the clironometer or watch 
at the second observation (increased if necessary by 12 
hours) subtract the time shown at the first observation, 
divide by 2 ; the result is the half polar angle in time. 

2. To the estimated mean time at the ship at the first 
observation add the half polar angle ; the sum will be the 
ship mean time at the middle time between the obsen^ations. 

3. Apply the longitude in time, and thus get a Gretmwich 
date. 

4. Take out from the Nautical Almanac the declination 
for this date, and also the sun’s semidiamcUT in the adjacent, 
column. 

5. Correct the observed altitudes for index correction, 
dip, semidiameter, and parallax and rt>fraction. 

6. Correct also the first true altitud(‘ for run of ship in 
the interval, and thus get the true altitudes for the same 
place. 

7. Put the first true altitude under the second true* 
altitude, take their sum and diflbrenee, and also the half 
sum and half difference, call the half sum S. and the half 
difference D. 

8. Under the log. sin. half polar angle put log. cos. 
declination : at the same time take out and put a little Ut 
the right, the log. sin. declination. 

9. Add together the two logs, first taken out, and call 
the sum sin. an* 1. 

10. At the same opening take out sec. arc 1, and put 
it under the log. sin. declination ; take out also and put 
down in the same horizontal line the log. eosec. arc 1 and 
also log. sec. arc 1. 

11. Add together log. sin. declination and log. sec. arc 1 ; 
the sum will be log. cos. arc 2; the arc corresponding thereto 
found in the Tables will be arc 2, if the latitude and 
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declination are of the aame name, but if the latitude and 
declination are of different names, subtract the arc taken out 
from 180®, the remainder is arc 2. 

12. Under log. cosec. 1, and log. sec. 1, just taken out, 
put the following quantities : — 

Under log. cosec. 1 put log. cos. 8. 

„ sec. 1 „ sin. S. 

„ cosec. 1 „ sin. D. 

„ sec. I „ cos. D. 

Add together log. costn;. 1 and the two logs, placed 
beneath it; the sum will bf! the log. sin. arc 3. 

13. Take out the log. sec. arc 3, and put it down twice, 
once under log. cos. 1), and again a bttle to the right. 

I t. Add together the log. sec. 1, and the three logarithms 
Ixmeath it ; the result is log. cos. arc 4, which find in the 
Tables. 

13. Under arc 4 put arc 2, Jind lake the difference in all 
cases when the line drawn through the places of the sun 
at the two observation.s w ill when produced not pass through 
the /.enith and poU^ (that is, the, difference must be taken, 
if it is seen that their sum w ould exewd IKP), otherwise take 
their sum ; the result is arc 3. 

Lastly. Under log. st*c. arc 3, already taken out, put log. 
sec. arc 5 ; the sum will be the log. cosec. of the required 
latitude. 

The arrangement on the paper of the logarithms to be 
taken out, ns directed by the rule, will be better st^en in the 
following blank fonn : and it would also facilitate the work- 
ing out questions in other rules of Navigation if blank 
fonns, similar to the one now given, were constructed on 
thick drawing paper by the student for each rule. 
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(156.) Oct. 11, 1845, in latitude by account 54® N., and 
long. 83® 15' W.f the following double fdtitude of the aun 
WM observed. 

Mean time nearly. Chronometer. Alt sun’s L. L. Bearing. 

7M5-A.M. ll*- 40* 15* 9^ O' 20" E.S.E. 

10 85 A.U. 2 13 20 25 8 80 S.8.E. 

The run of the ship in the interval w’aa S. by W. 15 miles, 
index correction + 5' 10", and height of eye above the sea 
was 18 ft^t, required the latitude at the second observation. 

Ans., 53® 54' N. 

(157.) March 20, 1845, in latitude by account 52® 10' N., 
and long. 55® 16' W., the following double altitude of the 
sun was taken. 

Mean time nrarly. (’Iironotneter. Alt. sun's L. I.. Bearing. 

35*a.m, o'* 80* 20' 0' 3(r S.Hb.K, 

1 45 r.M. 2 40 34 5 30 S.W.b.S. 

The run of the sliip in the interval was N.W. by W. 10 
miles, index correction 0, and height of eye 20 feet, required 
the latitude at the second obsen ation. Ans., 52* 27' N. 

(158.) Dec. 11, 1845, the following double altitude of the 
sun was observed. 

Mean time nearly. Cbrnnometer. Alt. sun's L. 1.. Bearing, 

e** 0*A.M. 6^ 3* 30' 10“ 40' 25' E.b.a 

10 SO A.M. 10 4 25 50 20 40 N.E. 

The run of the ship in the inten'al was E.N.E. 25 miles, 
index correction — 1' 50", and height of eye IG feet, 
rtH]uired the latitude at second observation, the latitude by 
account being 60° S. and long. 79° 15' W. 

Ans., 56° 59' S. 

(159.) Nov. 10, 1846, in latitude by account, 35° 80' N., 
long. 94° 30’ E. the following double altitude of the sun 
was observed. 

Mean Ume nearly. Chmnotneler. Alt. nni's L. L. Bearing. 

15* p.M. Ik 46»- 15* S3® 5' 40* S.aW. 

S 45 P.M. 4 15 17 12 65 10 aW.b.W. 
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The run in the interval was S.S.E. 15 miles, index comNs 
tion + 4' 10*, and height of eye 18 feet, required the true 
latitude at the second observation. Ans., 35° 31' N. 

(160.) Oct. 80, 1846, in latitude by account 52° 10' N., 
and long. 159° 45' E., the foDowing double altitude of tlu' 
sun was observed. 

Mean time nearly. Chronometer. Alt nin'R L. L. nearlnfc. 

ll** 16 -a.m. 10 21* 16* 25° 26' 20" ajE. 

11 80 A.M, 11 87 55 25 55 0 S-IE. 

The run of the ship in the interval was S. by W. 1 mile, 
index correction -f 3' 50" and heiglit of eye abovt* the sea 
was 20 feet, required the true latitude at second obsen'ation. 

Ans., 49° 56' N. 

(161.) March 5, 1846, in latitude by account 00° N., and 
long. 46° W., the following double altitude of the sun was 
observed. 

Mean time ricarly. ('hronometer. Alt ruh'r L. L. HearlnR. 

lO** 10*A.1L lO** 10* 5* 10' 30' 40" S.8.E. 

3 10 r.M. 3 10 40 15 2 30 S.W. 

The run of the ship in the inten al was S.W. by W. 15 
miles, index correction + 2' 10" and lieight of eye 20 fi*et, 
required the true latitude at second obsen ation. 

Ans., 59° 59' N. 


JElemenU from Nautical Almanac. 


Son's declination. Hun'a aeml. 


Oct. 11 . 

. 7° 

4' 

88" S. 

12 . 

. 7“ 

27' 

15' 

S. 

KK 

3' 

Mar. 20 . 

. 0 

5 

40 S. 

21 . 

. 0 

18 

1 

N. 

16 

4 

Dec. 11 . 

.23 

1 

55 S. 

12 . 

. 23 


54 

H. 

16 

16 

Nov. 9 . 

. 16 

51 

6 a 

10 . 

. 17 

S 

9 

a 

16 

n 

Oct 29 . 

. 18 

26 

6 S. 

30 . 

. 1.3 

45 

56 

8. 

16 

8 

Blar. 5 . 

. 6 

4 

45 a 

6 . 

. 5 

41 

88 

a 

16 

8 


A valuable extension of this problem has recently been 
made by Mr. Biddle, the head master of the Greenwich 
schools. It consists in finding the hour angle z pm with 
very little additional labour, and thence apparent time at 
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the ship. For since in the triangle zfe, sin. A s sin. arc 
8, sec. lat., we have only to add to sin. arc 3, already taken 
out of the table, the log. sec. lat. to determine the hour 
angle A, which will also be ship-apparent time, if p M or 
what it wants of 24 hours if a.m. ; by applying the equa- 
tion of time we obtain mean time at the ship. If therefore 
we know, by means of the chronometer, mean time at 
Gbwnwich, at the same instant, we can readily find the 
longitude in time by the following rule. 


Mf' XLT. 

Jiule for finding thr hnyitude hy mrans of the observation* 
of the. sun for latitude hy double altitude. 

1 . Find the equation of time for the Greenwich date. 

2. To the log. sec. lat. add log. sin. arc 3 already known, 
the sum will he log. sin. hour angle at the middle time 
between the ohscnations. 

3. If P.M. a1 ship at the middle time, this will also be 
ship apparent time. If a.m., subtract the hour angle from 
24 hours, the n'lnainder is ship apparent time. 

4. Apply the equation of time with its proper sign, and 
thus get ship mean time. 

6. To the mean time shown by chronometer at the middle 
time between the obsenations (found by taking half the 
sum of the times by chronometer at first and second obser- 
vations), apply the error of chronometer, and thus get 
Greenwich mean time. 

6. The difi’erent^e between Greenwich mean time and ship 
mean time is the long, in time. If the Greenwich time is 
the least, the longitude is east, otherwise west. 
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CHAPTER VII. 

RULES FOR nKDINO TITE ERROR AND RATE OF CnROKOUETERS, 
BT SINGLE ALTITUDES AND BT EQUAL ALTITUDES. 

To Jind ihe error and rate of chronometers. 

There are two methods of determining tho error of a 
chronometer on mean time, the one by a single altitude of 
a heavenly body observed at some diatanet* from t he meridian, 
tho other by means of equal altitudes of a heavenly body 
observed on both sides of tho meridian. 

Tho mean daily rate of a chronometer is found by 
dividing the increase or decrease in its error by the 
number of days elapsed between the times when the obser- 
vations were taken to determine its error ; thus, suppose 
on April 27, at 0^ 110'“ a.m., the error of a chronometer W’bs 
found to be fast lO™ 10*-5 on (ireenwich moan time, and 
that on April 30tli about the same hour its eiror was found 
to be 10® 40* t) fast ; then it appears tliat in the IhrtH.* days 
elapsed between the obser^'ations the chronometer luis 
gained 30", hence its mean daily rate is 10* gaining. 

Before going to sea, the error of the chronometer on 
Greenwich mean time, and its daily rate, are supposed to 
have been accurately determined, either at an observator}’ 
by means of dady comparisons with an astronomical clock, 
or by observations taken with a sextant at a place whose* 
longitude is known. 

When the error and rate of a chronometer are given we 
may determine what its error will be on some future day, 
provided the rate of the chronometer continues uniform in 
the interval, by the fbllowizig rule. 



168 


TO ?na> O&EEXWICH MEAN TIKE. 


Buh XLn. 

Qwen^ the error of a chronometer on Greenwich mean time, 

and alio ite daily rate, to find Greenwich mean time at 

eome other instant, at when an gbservation is taken, ^e. 

1. Qet a Greenwich date. 

2. Find the number of days and part of a day that have 
elapsed from the time when the error and rate were deter- 
mined by the hour of the Greenwich date. 

8. Multiply the rate of the chronometer by the number 
of days elapsed, and add thereto tlie proportionate part for 
the fraction of a day, foiuid by proportion or otherwise. 
The result is the accumulated error in the interval. 

4. If the chronometer is gaining, subtract the accumu- 
lated error from the time shown by the chronometer; if 
losing, add. 

5. To the result apply the original error of chronometer, 
adding if slow, subtracting if fast (increasing the time 
shown by chrt)nometer by 24^ if necessary, and putting the 
day one back). The result, (rejecting 24*^ if greater than 
24^ and putting the day one forward), will be mean time 
at Greenwich at the instant of the observation. 

Note. — If thin timo differ* from the Qroenwich date by 12 hours 
nearly ; in that case 12 hour* must bo added to the Greenwich time, 
detenniued a* al>ove, to get the astronomical Greenwidi mean time. 

EXAMPLES. 

1. June 18, 1881, at 10^ 52"* p.m., mean time nearly, in 
long. 00° W., an observation was taken when a chronometer 
showed 60“ 42*. On ‘June 1, its error was known to 
be 8“ 10**2 fast on Greenwich mean time, and its mean daily 
rate was 3**6 gaining, required mean time at Greenwich 
when the observation was taken. 

Ship, June 18 . . . . 10*» 52“ 

Lo^. in time .... 4 0 W. 

Greenwich, June Id. . 14 52 



)» 

r0rf|g«ato • . 


kaanalteiJaaalto 


*12 

AaoUtatl^^irk 


tt4 

If !#»• as If WMwigr 

i • "M 

1-76 



;44 

AflQWMilitod mto . 

: . . 

44 4fiiiiiiilg 

OtoriNMaaitor Aiowed 

1 . . . » «h 4fe 


2 40 

674 

Origtaal wroc . . 

... a 

104 2m4 

CkMnwkh, J«m 14 

... 2 46 

«'«tDL 


OriMWMbatiBtiBM. . 11 46 47 *6 wfam obeimtkni 

WMlakML, 


3. Aiig. 10, 1868, ftt 8^ 42* a.ic., meMi time Mniy 
in kag. 10(P dff W., so obtemtion wee taken irbeii a 
eliieiKKneter ihowed 10^ 80* 45*5. 

On Aug. 1, iti error waa known \o be 12* 10**5 ilow on 
Gteenwich mean time and its rate 11* 2 gaining, itNinired 
aentime at Oteenwieb when the obeerration waa taken. 

8hip,Aagnat9 ... 15^ 42* 

Long, in time ... 6 42 W* 

Qxeenwidi, Auguat 6 . 22 24 

DttUjrato . * . . U**2 
8 

is^isi. . I a»*a 

8 o i ..66 
2 « i. . . 87 

S4«„ t nmtlj *8 

' 2 

1004 

Mtwmumia wnor ... 1* 40 4 gilaO^ 

CbMOMMlwabowid. . . 10> 80 464 
10 80 64 

If 104 thm 

O iie w Hi i ft , AaeaatlO . . 10 41 164 uc 
(kvOmmcti^Aepaie . 21 41 164 


lalwfil from Anf. 1 to 

lW6 2.to82k84»lt 
182^24* 
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If the Greenwich time thus determined differs consider- 
ably from the Greenwich date used, the work should be 
repeated, using for the Greenwich date the approximate 
Greenwich time first found. 

KXAM1'LE.S. 

(102.) Xnv. 20, 1S51, at O’* 12"' mean time nearly, 
in long, O' K., an (»bscrvati<*n was taken when a chrono- 
meter showed 4^ .10"' 0*. 

On Oct. 1), its error was known to he 5"* 52*‘4 slow oif 
Greenwich mean linu', and dsr:ite2''‘7 losing: rejjuired mean 
time at Greenwich when the tdwervation was taken. 

Ans., O' at?" 52-3. 

(103.) Dec. 31, 1S51, at 10’* 10’" a.m. mean time nearly, 
in long. 15(K^ K., an iibservation was taken when a elirono- 
meler showed O’’ 0"* 22* 3. 

On Nov. 20, its error wa.s ktu>\Nn to he 3"' 52* 4 slow^ on 
Gn'enwieli mean time, and its rate 2’7 losing: required 
mean time at Oreeinviih when the observation was takf n. 

.\ns., 12’' 0™ 4-0. 

(104.) A[)nl 1 1, 1S51, at 3’* M"‘ e.M. mean lime nearly, 
in long. oO'-’ 42' \V., obsenalion was taken, when a 
chronomt'ler showed 7’* 2"' 10''5. 

On Man-h 15, its crnir was known to hi* 1"’ 32*'*7 fast, 
on Greenwich mean time, and its daily rate 0-3 losing: 
required mean time at Greenwich, when the observation was 
taken. Ans., 7’' 3"' 20-7. 

To Jind the error of a chronometer on mean time at the place 
of oheervation, hy a single altitude of the tftn. 

Let P be the imle, z the zenith, and x the place of the sun, 
bearing as nearly east or west as jxtssiblo, a q the celestial 
equator, A the furst point of Aries, luid m the place of the mean 
sun. Then in the triangle zpx are given the zenith dis- 
tance a x« the polar distance p x, and the colatitude of the 
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Spectator p to find the hour angle a p x, hieh is also the 
apparent solar time, if the sun 
it west of the nuTidian, or 
what it wauits of 24 hours if 
the sun is east of meridiau. 

To this apparent solar time 
thus found, apply the c‘t|uatioii 
of time \pni with its proper 
sign, as in the Nantieal 

Alrnanae, the result will be rin, or moan time at the plaeo 
of observation: tin* dilTerenee bet\v«'en wliioli and the lime 
shown by thi- elironomet<T at Ibe instant of tlu' observation 
will manifdistly be the emu* <»f the ehrononjeter on moan 
time at the plaee. Hence this rule. 

Huh \LIH. 

1. Find a (Ireenuieb dat(>. 

2. t’orreei tbr sun’s deelinat ion afjd equation of time for 

this dal T;ike out oi’ the NantitMl Alinanai* llu‘ sun’s 
S4*nudiaji)< ter. .it the tinu* tlu' <b'elinalion and (ajuatioTi 

of time ari’ tri’veii out . 

2. Citm t l tin* observed nltitmle for imb'.v eornadion, dip, 
.^i'mldi.ameter. aiul <*orr»( t i<<n iu allitiub-. and tlius ^j^et Iho 
true altitude; sublnua the true ullitude from DO to obtain 
the zeiiith liistanee. 

t. lo Jhid nhij) (q> 2 >arnit iimv (usiiif^ lo^. bavergines*). 

* if tin? Ktudeiit liHvu no tif lavcrsinea, he tnay proceed m 

follow)^ U) fiu i jippiircnt K«»lar tinn! : - 

Vnder tlu’ hititudo pul the huh’s declination, and, if tho natnoH t»B 
alijie. Wke t iic liitfcrciice ; but if unlike, take llioir Nuni. (’ndar the 
result put ti c xonith distance, and had their auin and ditfcrcnce, and 
mirsurn and bidf-difference. 

Add mgether ttie Jog. aecants <if the two firat tomiH in thin form 
(n*j<'rting the tenfl iu imb’x) and the log. wnca of the two lajit, and 
divide the aum by 2 ; look out the retoilt m a hig. lino and njulLi|>ly the 
angle taken out by 2. 

i2 
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Under the latitude put the sun’s declination, and, if the 
names be alike, take the difference ; but if unlike, take 
their sum. Under the result put the zenith distance, and 
find their sum and difference. Add together the log. secants 
of the two first terras in this form, and the halves of the 
log. haverHines of the two last ; and (rejecting the tens in 
the index) look out the sum as a log. haversiiie, to be taken 
out at the top of the page if the sun is west of the meridian, 
but at the bottom of the page if the sun is east of meridian. 
The result is apparent solar lime at the instant of 
obsorvuiioii. 

5. To find wean time. To apparent solar time apply the 
(Hjimtion of time with its proper sign, as directed in the 
Nautical Almanac ; the result is meaii time at the place. 

0. The diffenmee between mean time thus found, and the 
time shown by chronometer at the observation, will be the 
error of the chronometer on mean lime at the place.* 


Jtah NLIV. 

To find the error of a chronometer on mean time at Greenwich 
hy a eitifj/le aUitude of the tun. 

Find mean time at the place t>f observation as directed in 
preceding Rule. See 1, 2, 3, 4, and 5. 

0. To the mcau time at the plac<* tlm.s found apply the 
longitude in time; idtling if west, and subtracting if cast 
(rejecting or adding 24 lumrs if ut*ct‘88arv) : the result will 
be mean time at Greenwich at the time of the obsen^ation. 


IUkIuco the anglo thut» found into time, and if the sun ia west of 
meridian, tlio same will l>e ap{)«reut time; but if east of meridia4i 
subtract the angle from 24 hours ; the remainder will then be apparent 
tolar time at the instant of ohscrvati{>n. 

* A similar observation being taken a few days afterward^ the smoh 
daUp raU may be found as pointed out in p. 167. 
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7. The difference bot^'ccii which and the time (thovrn l»v 
chronometer will be the error of the chronometer on Green- 
wich mean time. 


EXAMPLE. 

Mar 10, 1H42, at 8** H"‘ a.m., moan time nearly, in 
latitude 50^ 48' N., and long. 1^ (V W., when a chrono- 
meter showed 8^ 26“* 50'*7, the observed altitude* of the sun’s 
lower linil) was 29" 14' 80", index eorreetioii + 4' 24" and 
height i»f eve above the sea 20 feet, recpiired tiu? error of the 
clirunometer on mean time at the pliiee, and also its error 
on Greenwich mean time. 

Ship, May 9 . . . . 20’* 41»’ 

Long, ill tiin<* ... 4 W. 

Greenwich, May 9 . . 20 4S 


Snu's d<^IiuatIoti. 

KqiiAtion uf tlm**. 

Sun> iHtint. 

0th . . . 

17 10' 24" N. 

(•th . , . 

S'" 4tj*'2 sul). 

15' 51" 

loth . . . 

17 V.r> 18 N. 

null . . . 

3 49-1 


•(1021 C 

15 ,54 

•01)215 

l! '1^ 


lUWS 

iiioon 

13 40 

3-57103 

2 


]X*clinaU(in 

17 33 10 N. 


3 48*7 



Olwerved sltitiule .... ai'* 14' 3»r' 
Index correction 4 24 -f 




18 

54 

Dip 


4 

24 


30 

14 

30 

Semidinzneter 


15 

51 


3'* 

30 

21 

Correction in altitude . . 


1 

3 


30 

29 

18 


W) 




Zenith disUace 


30 42 
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To find ihip apparent time (ueinp kaversinea)* 


Latitude .... 50"^ 48' 0''N. Sec. . . 0']992d3 

Declination . . . 17 10 N. Sec. . . 0*020710 

Difference. . . . 14 50 

Zenith dwtauce . . 50 30 42 

Sum 83 45 :i2 . . . . J haver. . 4 824491 

Dtfibrenco . . . . 17 15 r>2 . . . . i haver, . 4'17C307 

liar, of angle 0*22u771 

Ship npjHU'ent tiiiio . . . 20** 47"* 

K<juatiou of time 48 *7 

Ship wean time 20 43 41 ‘3 

Chronometer whowed .... 20 20 59 *7 


Error of chrouom. on meanl 

, V 10 *ll-t)«low, 

tune al place . . . . . J 

To find error on Greenwich mean time. 


Ship mean time 20*' 43“’ 41 *'3 

Longitude in time 4 24 *0 \V. 

Greenwich mean tune 20 4J5 5 3' 

Chronometer ihovved 20 2'! .59 7 

Error of chro, «m tir. niciui tiiue . , 21 5 O 


To find ship apparent time (using the common tables of 
log. Hinesy ^c. Xotv.p. 171 ). 


Latitude , . . 

. 50" 

’48' 

0" X. . . 

. S*‘c. . 

. 0199263 

Declinaiiou . . 

. 17 

33 

10 X. . . 

. See. . 

. 0*020710 


33 

14 

50 



Zenith distance . 

. 50 

30 

42 



Sum 

. 83 

45 

32 



Difference . . . 

-IL 

15 

52 



4 Sum .... 

. 41 

52 

40 ... . 

Sin. . 

. 9*824491 

^ Diflerence . . 

. 8 

37 

50 . . . 


. 9*17fi;'00 


2 ) 19-220704 
Siu. . . 9U 10382 
!»* S6*" 15* 

2 

S 12 30 
24 
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If the computed ship mean time differ sevenil iniinitea 
from the estimated ship mean time, it will be advisable, 
when great accuracy is required, to rt'caloulate the sun’s 
doelinution and the hour angle; using the approximate ship 
time just found to determine the Greenwich date; tlie 
following example will illustrate the rntnle of proceeding i — 

March 16, lS4t, at !()** 10” A.it!, mean time nearly, 
ill lat. 50^ N., and long. V" 6' AV., when a chronometer 

showed 10** 15"* I7* lh the observed altitude of the sun’s 
lower limb was 5S' t(>' ilu" ( in artifleial h('ri/,on), the index 
eorrc.K’tiou -f 1' ‘Jtr, required the error of chronometer on 
Greenwich mean time. 

March 15 22** 10*" 

Long, in time ... 4 W. 

Greenwich, Mareli 15 . 22 11 

Sun I. dedltwti4«n. R^twtton nTtlmn. Snn'u Mini, 

loth. . . r68'2i<'«. 16th. . . JT* l-7attd 10/6’' 

lah ... 1 at 46 S. lf.th . . . S 44 4 


•ja 4 a 17 -a 

•oasiii -uaaii 

•8802:1 2-70.W.S 


•91 .'143 ill 6 s ! 

;ls2s,'W) l <:-0 


I >«t;lin.iUuu 1 30 30 

S 4 .6 7 


oWttrvovl altitude . . 

. . . A*V 

'JO" 

Index corrcciioji . 

... 1 

2o n 


•2-6- 47 

f>0 


21‘ 23 

65 

Seiaidiometcr . . . 

... H 

5 


20 40 

0 

Com'ction iu altitude . 

... 1 

Si - 


20 HH 

2<j 


iut 


Slenrth distance . . . 

. . . CM 21 

34 
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50'' 48' 0"N. ... Sec. . . 0*199263 

1 86 30 S. . . . Sec. . . 0-000171 

52 24 30 
60 21 34 

112 46 4 . . . . i hav. . 4*920520 

7 57 4 .... ihav. . 3;;840866 

Hav. . . 8-960820 


Apparent time .... 

21“ 

39“ 

14* 


Equation of time . . . 


8 

45-7 

+ 

Mean time 

21 

47 

59 *7 


Long, in timo .... 


4 

24 -0 

W. 

(Irecnwicli mean time . . 

21 

52 

23 -7 


flironomoter Bhowoil . . 

22 

15 

47*2 


EiTf»r of chroiiometor on I 

1 

23 

23 ’5 


tli-eenwich mean time . 1 

i 



The* moan timo at tho j)lnco in found to bo 21*‘ 47"* 59**7, 
but Iho moan time usod for computing the dcelination and 
equation of timo was 22** 10’". Kow this has rondored tin* 
declination slightly iiu-orrt-ct, and therefore tin; time com- 
puted from it. When it is desimblt* to obtain moan time at 
the plaoo ns correctly as possible, we must rc'calculaU) tho 
diwlination and appan-nt time, using the approximate mean 
timo for finding a m(»re correct Grc-enwich dale ; thus the 
mean time at tho place is found above to bo 21** 47*" 52**7, 
assuming therefore tlu- mean time to be 21** 4S"', obtain 
a second Gn'enw ich daU\ and recompute the sun’s dtHili- 
nation and liour angle us follows : — 


March 15, mean time . . 21*' 48"* 

Long, in time 4 W. 

Greenwich, March 15 . . 21 52 


Latitude ... 
Declmatiou . . 

Sum 

Zenith distance . 

Sum 

IWerenco. . . . 
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d«oIliuiUoa. 


15th - 

. . . r 68' 28-& 

l«th . . . 

, . . 1 84 45 S. 


23 43 


•04043 

•S8022 


•92CKJ6 


21 

36 



Declination . . 

. 1 

3(1 

52 a . 

. . Sec.. . 

. O'OOOITI 

Latitude . . . 

. 50 

4S 

0 N. . , 

. . .Sec. . . 

. 0-l£)92(;3 


52 

24 

52 



Zenith dit«tnnco . 

fio 

21 

r.4 



>Sutu 

112 

4G 

26 . . . 

. 4 hav. . 

. 4-920640 

DifTtiirenco . . . 

4 

.56 

42 . . . 

. 5 liav. , 

. .3*840630 






8-960605 


Ap|Mirent time . . ill*' 39*" 17* 

Whence the error of cUronoinetor in fast 23"* 20*'/» 
on (Jreeiiwieh mean time. 

(1(55.) May 20, lRt7, at 5’* 20*" ?.m., mean time nearly, 
in lat. 47’ 20' N.. and long. 04’ .'10' K., tvlion a ehrononi(‘tcT 
showed 11^ 5”’ 20*, the oh»erv(*d aUllnih' of llie nun's lower 
limb wan 2(r O' 15", the index eorreetion - 4' 10" and 
height of eye above tlie sea 20 OhjI, re«]iiin'd the error of 
ehronoinetor on Grt'cnwich mean time. 

Ana., hint O’" 41'‘'4. 

* (lOG.) Feb. II, 1S47, at lO’* HO’" a.m., mean tinio nearly, 
in lat. 40’ ,10' >*., and long. 22’ W., when a elironomcUT 
.showed O’’ 2"* HO*, the obaerved altitude of tlie sun’s lower 
limb was IJF 21' 30" the index correction -f 3' 20", and 
height of eye above the sea 1 S f«*et, rtMjuired the error of 
chronometer on Greenwich mean time. 

A ns., fast 10" 7**4. 

(167.) March 25, 3H47, at 3’’ 20™ p.m., mean timet nearly, 
in lat. 52® ICf N., and long. StF 5S' 15' W., wlien a clirono- 
meter showed 5** 40“ 58*, the observed altitude of the 8un*s 
lower limb was 25® !(/ 20", the index correction — 0' 10", 

1 8 
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and lieight of eye above tbe gea 20 feet, required the error 
of chronometer on Greenwich mean time. 

Adh., 25*'2 slow. 

(168.) May 19, 1847, at 3^ 0”* mean time nearly, in 
lat. SCf N., and long. 21° 4' 45" E., wlieii a chronometer 
showed 1*‘ 23‘“ 20", observed altitude of tbe sun’s lower 
limb was 42 50' 30", tlie index eorrection -f 4' 10", and 
height of eye above the sea 20 feet, required the error of 
ehrouonietcr oii (ireenwich mean time. 

Alls., 10*“ 37"‘6 slow. 


ElemenU from Xauficul Almanac. 


Huu'n (lt‘c 

liiiatUiii. 


of tlnu;. 


May 19 . 

. 19 

4r 

n7' 

X. 

. . 

49*’6 mib. , 

. 15' 4r 

f» 20 . 

. 19 

54 

20 

N. 

. . w 

40 '2 


Feb. 2 . 

. 10 

54 

4 

s. 

. . 1.3 

'0 add, . 

. JO 14 

„ a . 

. 1« 

00 

41 

s. 

. . 14 

.5 0 


March 25 

. 1 

40 

50 


. 0 

1 3 -S add. , 

. 30 3 

„ 2« 

2 

\ 

29 

N. 

. . 5 

.55 *2 


May 19 . 

. 19 

41 


N. 

. . . 

49 '5 hill). 

. 15 49 

„ 20 . 

. 19 

54 

20 

K. 

. . . 3 

40 9 


JSecand. 

AVhen the object observed is a star. 



Rule XLV. 

Zb find the error of chronometer on mean time at a place 
by a itinyle altitude of a $tar. 

1. Gel a Green wi(4i date. 

2. Take out of tlij* Nautical Almanno the right ascension 
and dwlinatioa of the star, and nlst) the right ascension of 
the mean sun for mean noon of the Grcimwich date. 

3, Correct the right ascension of mean sun for Greenwich 
date (p. 83). 

4 , Correct the observed altitude for index correction, dip, 
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and refraction, and thuf* get the true altitude, wlueU subtract 
from 90*^ for the true ^enith distance. 

5. To JInd 8tor8 hour am/lr (using haversines*). ITnder 
the latitude put the star’s divlination ; adii if the tuinies bo 
unlike, subtract if like; under the r(*anlt put the true /.enilh 
<listmiee of star, and take the sum ami differenee Add 
together the log. secants of the two first terms in this form 
(omitting the tens in each index), and halvi s the log. 
hav<‘rsihes of i}n‘ two last; tin- sum, (reji'ctiug U> in the 
imiex,) will be tin* log. baversiiu- of ln»ur angle, to lx* taken 
out at top of j>ai:e if licavmly body bi' \V(*st of meritliaii, but 
at bottom if east of meridian. 

0. To the hour angle thus found add the star’s right 
aseension. and from the sum (ineix*ased if neci*ssary by 
2t hours) subtract tlie right as<*ensiou of uieau stin ; the 
rernaimler is mean time at the piaee at lh(‘ instant of 
observation. 

7. Under mean time at jdme put tlu‘ liuu* shown by 
ebron jmetcr; the diflerenee \^iIl be tlnM.rror uf chronometer 
on nu an time at place. 


Th find fltf frrot' tf vhron nhvttr on (ireonw lidi mrun time. 
ProcHJed as in tin* corn s[Hmding nil.' for the sun, p. 172. 


r.x.vMi'i.i-. 

dune o, ISTJ. at 12‘‘ 9"' r.M., mean tiim* nearly, in 
Iflt. 5(F -IS' and long. 1 (>:}' W.. observnl the allilude of 
a B(K*tis (woht of nuuidlaii) to b<* si)' od' dO' in artilieial 
horizon, when a chronometer simwrd (f' 14"* 22**d, tho 
index correction was — 10", rcipiired tlie error of the 
ehruriomtder uu mejui time at tiie [da<*<.‘, and al.'io on Ureeii- 
wich mean time. 

* if ti^e student have the Uihlo of lo^. sines, &c.. oidy, the hour 

angle may be found in a sunilar manner as in note, p. I7i, uu I example, 
p. 174 . 
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Juno 8 12^ P" 

Long, in time 4 

Greenwich, Juno 3 ... 12 13 

ObRenred altitude .... Sd"* 53' 3(y* 

Index correction .... 10 — 

2)89 53 20 
44 56 40 

Refraction 58 — 

44 55 42 
DO 

Tnio zenith distanco ... 45 4 18 

Star's right nBcension . . . H** S'" 30*‘5 
Star's decUnati<»u . . . . 2n 0' 15" N. 

Right nat'cnsion of mean Huti . . . I** 4G"* 7*’l 

Correction for 12** 1 58 *3 

Hi- 2-1 


Right asccti. of mean sun at 12^ 13"' . 4 48 7 '5 


liAtitude . . . 

. 50" 

4.H' 

0^'N. . 

. Sec. . . . 

. 0199263 

l)eclinntion . . 

. 20 

0 

15 N. . 

. Sec. . . , 

, . 0*02702 


30 

47 

45 



SCcnith distance . 

. 45 

4 

18 



Sum 

. 75 

52 

8 . 


. . 4*788699 

IHfTorence . . . 

. 14 

16 

33. . . 

. 4 bav. . 

. . 4*094305 


Hav. hour ang. 

9*109298 

Hour angle 

2“ 

48- 

8' 

Star's right asoension . . 

14 

8 

80*5 


16 

5$ 

38*5 

Right ascen. mean sun . . 

4 

48 

7*5 

Mean time at place . . . 

12 

8 

81-0 

Chronometer showed . . 

12 

4 

22-8 

Error of chronometer, fast 


5 

51-3 
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To find the error of chronometer on Greenicioh mean time. 


Mean time at place 12«* 8« 31**0 

Long, in time 4 24 *2 W. 

Greenwich mean time 12 12 55 '2 

Chronometer showed 12 14 22*5 

Error of chron, on Or. moan time 1 27 1 last. 


(169.) May 4, 1847, at 4*^ 40™ jl.m., mean time nearly, in 
lat. 40^ 10’ 20'' N., and long. 81° 47' 15" E., when a chrono- 
meter ahowod 11** 13™ 50*, the obsci^ ed altitude of « Bootis 
(west of meridian) was 20° 45' 4 '5, the index correction 
was — 2' 10", and the height of eye above tlu* at*a wa« 
18 fK‘t, required the error of the chronometer on Green- 
wich mean time. Ana., 0™ 3r)*-3 alow. 

(170.) Feb. 10, 1847, at 0*‘ 22™ p.m., mean time nearly, 
ill lat. 2S° 30' N., and long. 27° 15' W., a chronometer 
showed 11** 17™ 20% when the obat'rved altitude of o Leonia 
(east of meridian) was 42° 10' 0", the index eorrt^ction 
— 3' 20", and height of eye above the aea 20 feet, rt^juired 
tin? error of t)»e <‘hronometer on Greenwich mean time. 

Ans., 4™ 57-3 fast. 

(171.) April IS, 1848, at O’* Kt*** a.m., mean time nearly, 
in lat. 46° 32' X., and long. 43° 36' 15" E., when n chrono- 
meter show*ed lO** 13™ 45», the observed altitude of the star 
a Aquilm was 14° 45' 15" (cast of meridian) the index cor- 
rection -f 4' 5", and height of eye above the sea 18 feet, 
required the error of the chronometer on Greenwich mean 
time. Ana., 19™ 31-7 faat. 

(172.) Aug. 11, 1848, at 8** 10*” p.m., mean time nearly, 
in lat. 50° 20' N., and long. 29° 53' 15" E., when a chrono- 
meter showed 6** 6™ 20-0, the observed altitude of a Bootis 
(Arcturus) was 39° 5' 10 " (west of meridian) the index cor- 
rection — 2' 10", and height of eye above the sea 18 feet, 
required the error of the chronometer on Grefiwiclvineau 
time. Ans., 11™ 17-8 slow. 
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JElementi from Nautical Almanac. 

mgbiucen. mMn aim. Right asci^n. and docl. of atw. 

Mays . SMS® S-S . . aBootia. . 8“»4S*-4 . 19M8' 46" K 

Feb. 10 . 21 19 40-0 . . oLeonis. . 10 0 15 S . 12 42 30 N. 

April 17. 1 42 57 -3 . . a Aquil® . 19 43 22 *7 . 8 28 16 N. 

Aug. 11 . 9 20 17-8 . . a Boutin. .14 8 45 0 . 19 5S 39 N. 

2b find the error of a chromymeter on mean time at a place 
hxj Eg UAL ALTITUDES of the suti. 

"Wben tilt' flini’ft centre is on the moriilian of any place, 
the apparent time is then either or 2-l-^. To obtain mean 
time at the sante instant, we have only to apply the equation 
of lime with its proper sign. We tljus find mean time at 
the iuBtunt the buu is on the n»eridi«n ; and if we can also 
HBC^ertain what a ehrononuder showeti at the spmt‘ instant, it 
is manifest that t he error of the ehrommiet<T on mean lime 
at the place is knowm, since it will he the ditiercnce betw'een 
the two times. 

To Hnd the time shown by the chronometer at apparent 
noon, wo have recourse to the nndhod ('f etpial altitudes, 
which consists in noting the time show n hy the chronometer 
when tho heavenly body has the same altitude on both sides 
of the meridian : half tho interval between the observations 
being added to what the chronometer showed at the first 
observation will bo the time show n In tfie chronometer when 
the heavenly body is on the meridian, If the declination 
U vuppoeed to be invariable in the interval between the 
observations. 

For let t and be tb<» times shown by tho chronometer 
when the heavenly body is at x and y, at the same altitude 
on both sidles of p x the meridian ; and suppose 1, greater 
than t (that is, if the hour hand has arrived in the inten-al 
to w© montinne to count 13^, 14**, &c., instead of 1**, 

2**, Ac.). Now, if the rate of chronometer has been uniform 
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in the intcTTal, the time elapsed is t, — /, and the heavenly 
body has described the angle * p x, or half y p x in the time 
I (t, t). To this half interval add the time t shown by 

the chronohicter when the body was at x, vre Jind that the 
instant that the body arrived at the 
meridian the chronometer must have 
showed / -f i ^ ^ \ -f <). 

The difTerenco between I (/, 4 - 0 
and mean time at noon will be the 
error of the (‘hronometer on mean 
time at th<‘ place. Tor, let ns suppose 
that the eipiatiou of time at n(M>n is 
4 ™ 24 * subtracted from aj>parcnt time : then mean time at 
the place w]\en the snu is on the moridian is 21’* — 4® 24* 
=: 23 ** 55™ Now, if \ + /) is found to be 2 * 4 ’* 10 “ 20 * 

the difiertmoe 45’*' 10" is the error of tho chroiioraetcT slow 
on moan i iine at the ])lace. 

But the sun’s deeliiiation is not invariable during the 
interval — t, but increases or decreases hv a small quau- 
lity, so tlmt th(‘ angle zi*.\ dillers from half the interval by a 
few seconds. 

The following rule enabh's us to find the number of 
seconds whicli inu.st be applied to the half interval to obtain 
z vx. This quantity of tinu? is called the equation offquoX 
altitvdee. 



Huh XLVI. 

To find ike error of a chronometer on mean iifne by equal 
altitudes of the sun. 

1. Find mean time nearly of apparent n(X>n at the place 
by taking out of the Xaiiticiil Aliriaiiae tho equation of time 
to the nearest minute, and applying it with its projjer sign 
to 0** or 24**, according as the Nautical Almanac dirt^cts it to 
be added to or subtracted from apparent time, putting tbe 
day one back in the latter case. 
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2. To mean time nearly thus found apply tbe lon^tude in 
time, adding if west, and subtracting if east ; the result will 
be a Greenwich date. 

3. Correct the equation of time for this date. * 

4. From the f.m. time w'hen the second altitude was 
tidcen (increased by 12 hours) subtract tbe a.m. time when 
the first altitude w^as taken ; the remainder is elapsed time 
as shown by the chronometer : take half the elapsed time 
and subtract it from the above date (increased if necessan' 
by 24 hours and the day put one back), the remainder is a 
second Greenwich date. 

5. Take out the sun’s declination for this date. 

6. To find tliff equation of equal altitudes. Under heads 
(1) and (2) put down the following quantities. 

Under (1) put A taken from annexed table. 

„ (2) put B 

„ (1) put log. cotangent latitude. 

„ (2) put log. cotangent declination. 

„ both (1) and (2) put proportional log. change of 
declination in 24 hours. 

7. Add together logarithms under (1) and (2) and reject 
the tens in the index ; look out the result as a proportional 
logarithm, and take out the seconds and tenths corresponding 
thereto. 

8. Mark the quantities imder (1) plus ( + ) if the declina- 
tion is decreasing, and of the same name as the latitude ; 
or, if increasing and of a different name. Otherwise mark 
the quantity minus (— ). 

9. Mark the quantity under (2) plus (-f) if the declination 
is increasing, but minus ( — ) if decreasing. 

10. Take the sum or difference of these quantities, 
according as they have the same or different signs; the 
result will be tbe correction or equation of equal altitudes 
required. 

11. Add together a.ii. time and half elapsed time, and to 
the aamo apply the correction just found with its proper 
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sign : the result will be the time shown by the chronometer 
when the sun's centre is on the meridian. 

12. Find mean time at the same instant by applying the 
equation of time to 0** or 24** with the proper sign as directed 
in the Nautical Almanac. 

13. Put down under each other the results determined 
in (11) and (12), and take the difference, which w ill be the 
error of the chronometer on mean time at the place. 

14. To find error of the chronometer on (ireenicieh mean 
time. To mean time at the place as found in (12) apply 
the longitude in time, and thus get mean time at Greenwich, 
under wiiich put the time shown by chrononu'tcr as foiuul 
in (11) ; the difference will be the error of the chronometer 
on Greenwich mean time. 


KQUATION OF EQl’AT. ALTITITDKS. 


Klapn-J 

K 

n 


A 

H 

, Kl«^ 

OlHf. 


B 

• 

iV\ 


1 979SU , 

4 


HllMWj 

*2-»r2r»ol 

7 

;i<» 

1110212 

21673H 

1 

40 


I'lWliCT 

4 

40 

101692 

2-033.VI 

* 7 

40 

1-80H76 

2>1(1K84 

1 

.V) 

l’f>7o00 

l-i»S272 

4 

.V) 

1-94400 

2 *a'Ki.'l 

! 7 

80 

1-W581 

2*19038 

2 

0 


i*i>w.'i:> 

5 

0 

1 -94-2X1 

2*04.134 

M 

0 

I *891 77 

3*19280 

2 

10 

1-06H43 

1 9H6H , 

5 

I't 

191064 

2*04861 

1 H 

}0 

188815 

3*20002 

2 

20 

lOOTflO 

1-9W.S , 

5 

20 

1-93840 

2*05414 

1 8 

20 

18HM4 

323008 

'1 

30 

1-96040 

1*99017; 

5 

.30 

I1«fl0« 

2*0.W96 

i ” 

80 

1*88004 

32349S 

2 

40 

1*96641 

1*99243 : 

6 

40 

l-OSSSB 

-2*06606 

: H 

40 

1*87676 

326081 

2 

W 

HKWat} 

' 1*99494 

6 


1-93122 

2*n724«5 

i « 

50 

1 I *87278 

3*26776 

.1 

0 

1*96305 j 

1*99743 ^ 

r, 

0 

1-92886 

2*07918 

: ^ 

0 

! l*8W70 

32H687 

.n 

10 

1*96176 

2*< 10019 1 

(1 

10 

11)2004 

2118624 

9 

JO 

1*80454 

380581 

3 

20 

l*9ffl>4o| 

2^)0312 

6 

20 i 

11)2338 

i 21193ti5 

i p 

20 

1 -86089 

332633 

s 

SO 

l*»5fl»71 

2*00623jj 

6 

.3(; 

11)2054 

2-10143 ) 


30 I 

1*85608 

334982 

; 3 

40 

1*96747 

roooM j 

6 

40 

1*91767 ' 

2-10961 i 

! 9 

40 

1*85148 

3878S4 

! 3 

50 

l*966e9| 

2111803 i 

6 

W) 

1*91478 i 

1M1H21 i 

1 9 

80 

1*84692 

340006 

! 4 

0 

ti)64S4 

21)1671 j 

7 

0 

1*91170 ; 

2*12725 1 

110 

0 

1*84427 

348929 

: 4 

10 

1-96SSS1 

2*02060 

r 

10 

1*90860 < 

2-13678 

10 

10 

1*83782 

340152 

^ A 

SO 

1*96073 2*02470 

7 


1*90530 

ri4<»n{ 

! 10 

20 1 

I-H8997 

349788 
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SXAKPI£ 

Attg* 7. 1851, in latitude 50° 48' and bug. P & W., 
tbo ran had equal altitudes at the foUowing times bj 
chronometer. 

A.K. p.v. 

Oh 25“ 42«‘5 69» 65‘*6 

Kequired the error of chronometer on mean time at the 
place, and also at Greenwich. 


AuguBt 7 . . . 

. Ok 

0** apparent time 

Equation of timo 


J_’¥ 


0 

5 mean time 

Loug. in timo 


4 

(Irecnwich, Aug. 7 

. 0 

9 1st date 

4 Elaptjetl tiiiK' . 

o 

47 

QreouwicJi, Aug. 6 

. 21 

22 2ud date. 

KquAtitft) of time. 


for 1 boor. 

Auguat 7 . . 5*** 33* 

•03 

lO*" i8 ^ I 0‘’3 8ub. 


•0.5. . 

.... 1 0-U5 

n 32 -98 + 



p.ii 69"* 55*-6 

A.M 9 25 42 -5 

ElapfMKl timo . . 5 34 13 ’1 

t £lap«od time . 2 47 6*55 

Hun's Aiwlinntioii. 

6th 10“ 49' 12" N. 

7th 16 32 38 N. 

16 34 

•05048 

1-08604 

1*08652 14 45 


Declination . . 16 34 27 
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a). 

A . . . . 1*93608 
CJot. Ut . . 9*91147 
Prop. log. . 1*03004 
Prop. log. . 2*88359 

14»*2 -f 
2 .55 — 

Equation of equal alUiudos . . 11 *65 -f 


( 2 ). 

B . . . . 2*05996 
Cot deoL . 0*52631 
Prop. log. . 1 03004 
I’rop. log. . 3*62231 
2*55 - 


i EUpaed time 

9^ 25“* 
2 47 

42‘*5 

6*66 

Equation of equal altitude . 

0 12 

49 *05 

11 *65 + 

Time by chro. at npp. noon . 

13 

0*70 


Apptirent time ut apparent noon*. 

. O'- 

0“ 

‘ 0* 

K<|uation of time 


5 

.32 *98 -t 

Mtiun time at apparent noon . . 

. 0 

5 

32 *9S 

Time by chro. ut ajqKiront noon . 

. 0 

13 

0*70 

Error of chronometer at plaw 


7 

27 *72 fast 


ToJinJ error on Greenwich mean time. 


Moan time at apparoiit noon , , O'* 6™ 32’*98 

Long, in tiwv 4 24 *00 + 

Mean time ut Oi'cenwicli .... 0 9 56 *98 

Time by chronometer 0 18 0*70 

Error of chro. on Gr. niu;m time . 3 3 *72 fait. 


(173.) Aug. 7, 1851, in latitude 50^ 48' N.,and longitude 
1*^ 6' W., the aun had equal altitudes at the following times 
bjr chronometer. 

A.ll. P.M. 

9h 3*“ 42'*31 a** 21“‘ 54“*22 

Bequired the error of the chronometer on Greenwich mean 
time. 

For FSements from Nautical Almanac, sec proeeding 
example. Ans., 3«* fast. 
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(174.) Aug. 21, 1851, in latitude 50° 48' N., and longi- 
tude 1° 6' W. the sun liad equal altitudes at the foUowiug 
times by chronometer. 

A.M. P.M. 

lO** 49*" 15-4 27“ 27*6 

Bequired the error of the chronometer on Greenwich mean 
time. Ans., 1“ 8* *83 fast. 

'ElemenU from Nautical Almanac, 

Equation of time 3“ 1* 94 difference for 0*’606 — 
Declination 20th 12° 34' 59" N. 2l8t 12° 15' 9^^ K. 

(175,) Sept. 10, 1851, in latitude 50° 18' N., and longitude 
1° 0' W., the sun had equal altitudes at the following times 
by chronometer. 

% A.M. V.M. 

0’‘ 45“ 55'*2 2'^ 20“ 39' -9 

Bequired the error of the chronometer on Greenwich mean 
time. Ans., 3“ 47‘'28 slow. 

Elemenfft from Nautical Almanac. 

b^quation of time 2“ 58'*43 + difference in D' 0*-8C(» + 
Declination 9th 5° 27' 27" K. 10th 5° 4' 45" N. 

(17G.) May 14, 1844, in latitude 50° 48' N., and longitude 
15° 0' W., the sun had equal jiltitudes at the following 
times by chronometer. 

A.M. P.M. 

10*» 40“ 57* 0 1>‘ 39“ 42 *0 

Bequired the error of the chronometer on the mean time 
at the place and also on Greenwich mean time. 

Ans., Fast on mean time at place 17“ 4*‘7. 

Slow on Gh*eenwich m. time 42™ 65**3. 


ElemenU from Nautical Almanac. 

Equation of time 8“ 63**8 — difference in 1** 0**01 — 
Declination 13th 18° 28! 49" N. 14th 18° iff 21* K. 
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To find the approximate time hp chronometer when the 
P.H. dltitudee should he observed. 

After taking the observations in the morning it will often 
l)e convenient to estimate nearly at what time by the 
chronometer the observer should prepare to take the p.m. 
sights. To do this the error of the chronometer on mean 
time at the place must bo supposed to bo known within a 
few^ minutes. Thus suppose (as in the last example) a 
chronometer is known to be about 17 minutes fast of mean 
time at the place, the time of the a.m. observation w'as by 
chronometer at 10** 57", equation of time 4i minutes 

subtractive from apparent time. It is required to find the 
time the chronometer will show in the afternoon when tho 
sun has tho same altitude. 

Let a = estimated error of chronometer on mean time 
at place (supposed fast). 

t =: time shown by chronometer at a.m. observation. 

Thhn t — rt = mean time at a.m. observatiou nearly. 

Let K = equation of time (supposed subtractive from 
apparent time). 

. t — a + = apparent time at a.m. observatiou 

.*.12 — {t — a -f k) = apparent time from noon. 

= apparent time of p.m. obsen'^ation. 

.*,12 — {t — a -h e) — E = mean time of i».M. obser- 
vation. 

And 12 — (< — a -f- e) — j: + a = mean time of p.m. 

observation by chrommetcr. 
.•.Mean time of p.m. observation as shown by tho chro- 
nometer s=12 — {t — a-|- e) — E-fa 
= 12 — / -f 2 (a — e). 

Thus (see cx.) let t = 10** 46“ 57% a = 17“, e = 4“ 
Time by chronometer = 1** 13“ 3" -f 26“ = 1** 39“. 

It appears from this that the observer need not prepare 
to take his p.m. sights until 1** 30* by chronometer. 

A similar formula may be made to suit any other case. 
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CHAPTER Vm. 

KULBB FOR FIRDIVO THE LOXOTTODE BT CHROITOMETER AND 
BY LUNAR OBSERVATIONS. 

The two principal methods for finding the longitude at 
sea, by asironomical observations, are by means of a chrono- 
meter, who8(‘ error is known on Greenwich mean time ; or 
by obsondng the distance of the moon from some w'ell 
known star, and calculating from thence Greenwich mean 
time: ship mean lime is to be obtained in both methods 
by tho same kind of observation. To find the longitinh* 
by chronometer, an altitude of a heavenly body is t(> la^ 
taken — an oj)eration reipiiring vervUtth* skill in the observer. 
To find the longitude by lunar ob.*4ervations, the distance ol‘ 
tlu» moo?i fnmi H(nne other heavenly body must be ob.«4erv('d 
with considerable accuracy; the skill necc'ssarv to do this 
can only be acquired by practice : for these reasons the 
method of finding the longitude by ehronometer is the one 
chiefly in use, although the longitude tleilmvd from it depond.s 
oti tho regular going of a time-keep -r, whose rate from 
various causes is eontiiuially liable to change, while tho 
other, which in fact is (within certain limits) correct and 
independent of nil errors of chronometer, is rarely applied. 
Another objection usually urged against the use of the method 
of finding tho longitmlo by lunar obsenation, is the labour 
roquirt'd in reducing the observations ; but we will endeavour 
to show that this ought not to deter the student ; for that 
the work, although certainly more laborious than that 
required by the other method, is simple, and no ambiguity or 
diatinction of cases need occur to distract the observer. 
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From our own impression of the utility of lunars we feel it 
right to devote more than usual space to this method of 
finding the longitude, and we shall therefore givo a rariety 
of distinct rules to suit such cases as most commonly occur. 

Longitude hg chronometer. 

AVhen a clirononieter is taken to sea, the error on Green- 
wich mean time, and its daily rate are supposed to accom- 
pany it: knowing then the error and rate, it is easy to 
determine the Groc'iiwich mean time at any instant after- 
wards by applying its original error and the accumulated 
rate in the inton’al ; the corresponding mean time at the 
ship may be found by obaerv'ing the altitude of the sun, 
or any other heavenly body, wlu'u it bears as nearly east or 
west as possible. Tlu* diftereiic(' bi'tweeii the two times 
is the longitude of ship. 

To Jind the hngituJe hg an obscrrrd aUitude of the sun. 

Let y w s E represent the 
horizon, y z s the celestial me- 
ridian, z the zenitli of tho 
spectator, r the pob*, and w o e 
the erlestial (H|uatf)r. Thcji 
ZQ is the latitude, and if \ be 
the place of the sun at th«^ 
time of the observation x o is 
its altitude, and z x tb<‘ zenith 
distance; draw the circle pxm, 
then XM is the sun’s declination known from the Nautical 
Almanac: hence in the triangle zpx the three sides are 
known, namely, px the polar distance, zx the zenith dis- 
tance, and P z the eolatitude, to find the hour angle z p x, 
from which mean time at the ship is easily found as pointed 
out in p. 172. 
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Mule XLVII. 

First. When the object observed is the sun. 

1. Get a Greenwich date. 

2. Find Greenwich mean time at the instant of the obser- 
vation, by briniriiiff up the error of the chronometer by 
Eule XLII. p. 167. 

8. Take out of the Nautical Almanac both the declina- 
tion of the sun and the equation of time, for the noon 
before and the noon after the Greenwich date; take out also 
the sun’s scmidiaincter. 

4. Correct the declination and equation of time for the 
Greenwich date (or rather for the Greenwich mean time as 
shown by the chronometer), either by ])roportional logarithms 
or otherwise. 

5. Correct the observed altitude for index correction, 
dip, semi., correction in alt., aud thus get the true altitude, 
which subtnict from 1)0^ to obtain the zenith distance. 

6. To find ajy^mrent time at ship (using log. haversines).* 
Under tlie latitude put the sun’s declination, and, if the 
names be alike, take the difference; but if unlike take 
the sum. Under the result put the zenith distance, and 
find the sum and difierence. Add together the log. secants 
of the two first tc'rms in this fom (omitting the tens 
in each index) and tho halves of the log. haversines of 
the two last, and (rejecting tlie ten in the index) look out 
tho sum as a log. haversine, to he taken out at the top 
of the page if the sun is west of (he meridian^ hut at the 
bottom of the page if the sun is east of the meridian ; the 
result is apparent time at the ship at the instant of 
observation. 

7. To find ship mean time. To the apparent time just 

• If the student have no tabic of haversines h<* may proceed as 
pointed out in the note, p. 171, and ejuunpio, p, 174, to find thip 
apparent time. 
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obtained, apply the equation of time, \rith its proper sign 
as directed in the Nautical Almanac: the result is mean 
time at the ship or place of observation. 

8. 2b find the lonfitude. Under ship mean time put 
Greenwich mean time as known by the chronometer; the 
difference is the longitude in time, wes/, if the Greenwich 
time is greater tlian ship time, otherwise eaet. 


1. Sept. 28, 1845, at 4** 45"* p.m. mean time nearly, in 
latitude 50° 30' N., and longitude by account 110° O' W., 
when a chronometer showed 59*“ 30*, the observed 
altitude of the sun’s lower limb was 11° 0' 50", the index 
correction — 8' 20* and the height of the eye above the sea 
20 feet ; requin‘d the longitude. 

On August 21 the chronometer >va8 fast on Greenwich 
mean time O’" 45**5 and its daily rate was 5** 7 losing. 


Ship, Sept 23 , . . 4*' 45"‘ 

Daily rate 

, 5* 7 losing 

Long, in time ... 7 20 W. 

Interval 

. zn 

Greenwich, .Sept. 23 . 12 5 


171 

Inten'al from Aug. 21 to 


171 

Greenwich date, 33** 12’. 


. 18S-1 

or 33 H days. 


s-« 


6*0) ll>0*» 

3™ lost 

Chronometer showed . .11 

5ft 30 '0 


12 

2 40-0 

Original error . 

• • ■ • 

0 45 *6 fast 


Greenwich, fcSept. 23 . . lli 1 56*4 

Or the mean time at Greenwich when the observation was taken. 
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Soa'i kudL 

16' 58" 


iedtoatSon. Equation of Uma. 

23rd . . 0* 6' 6«"S, 23rd . . 7* 42* 0 sub. 

24th . . 0 30 21 8. 24th . . 8 ^ 

23 25 20 •« 

*29983 '29983 

2*72167 

M8568 n 45 3*02150 10*3 

Sun « dec!. 0 18 41 S. 7 62 *8 

Observed altitude , . 11® 0' 50" 

Index currectiou . . . 3 20 — 

10 57 80 

Dip 4 24 -- 

10 58 C 

Seniidiameter .... 15 58 

11 9 4 

Correction in altitude . 4 88 — 

True altitude .... 1 1 4 26 

Zenith distance ... 78 55 34 


Zenith distance ... 78 55 34 


latitude . . . 

50® 

30' 

0" N. . 

. Sec. . . . 

0*197718 

Declination . . 

0 

18 

41 S. . 

. Sec.. . . 

0*000006 


50 

48 

41 



Zenith dintance . 

78 

55 

,34 



Sura .... 

129 

44 

16 . . 

i havers. . 

4*956810 

DiSVrencu . . 

28 

6 

53 . . 

J liavers. . 

4*385444 


Haven?, . . 9*539978 


Apparent lime .... 4** 48* 35* 
iilcluatiou of time ... 7 52*3 - 

Ship mean time .... 4 40 42*7 
Greenwich mean time . .1*2 1 55*4 

Long, in time .... 7 21 12*7 W. 

Long. = 110^ 18' 15" W. 

2. April 18, 1844, at O** 18® a.m. mean time ucarly, in lati- 
tude 60® 48' K., and longitude by account 1° 0^ W., when 
a chronometer ehowed 9^ 27® 48®, the obserred altitude of 
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tho sun’fl lower limb was 7G® 16' 46^ (in artificial horizon), 
index correction B* iff * — ; required the longitude. On 
April 1, the chronometer was fast 1*^' 5S»-7 on Greenwich 
!Mcan time, and it# mean daily rate was 11**2 gaining. 

Ship, April 17. . . . 21*‘ 18“ 

Loiig, in time .... 4 

(rnvnwich, April 17 . . 21 22 

f liter val from April 1 to OreenwicU date, 16 < 21 


Sun'it dt«cli tuition. 

ITtb ... 10 * 36 ' 49 ''K. 

ISth . . . 10 r .7 46 N. 

20 67 

•06020 

03409 

•98429 18 40 

10 55 29 N. 

Suu'g nciai, 15 ' 56 ''. 


lUpDition of Uimi. 

17 th . . . 0 »* SI' S Rub. 
18 ih . . 0 45 1 

18-8 

•05020 

2*89364 

2 * 94374 _ 12-3 

U 43 0 mil). 


Daily rate . . . n* 2 


12" i« 


2'8 

‘7 




6 , 0 ) 

188-3 



S'* 

8«*8 gained 

Clironomcter ithowed . 

. . 9 

27 

48 0 


y 

24 

39-7 

Origiiud error . . . 


1 

58-7 last 

Greenwich mean time. 

. . IT 

22 

41 0 


Add 12 


(p. 71 .) 

Greenwich mean time 

. . 21 

22 

41 0 
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Obeened altitude . . 

. 76* 

16' 

46 " 



3 

46 ~ 


2)'7r 

18 

0 


38 

6 

30 

Scinidioinetor . . . 


15 

56 


IT 

22 

26 

Correction in altitude 


1 

7 -- 

True altitude . . . 

. "sT 

21 

19 


90 



Zenith distance . . 

. 51 

3S 

41 


Latitude . . . 

50^ 

48' 

<•'' . . 

. See. . 

. 0*199263 

Declination . . 

10 

55 

29 . . 

. Sec. . 

. O007943 


39 

52 

31 



Zenith dixtiiiicc . 

,51 

38 

41 



Sum . , , . 

91 

31 

12 . . 


. 4*855173 

DiiSercuec . . 

11 

40 

10 . . 

. 4 hav. . 

. 4*010890 





Huv. . 

. 9073269 


Api>arcut time . . . 21** 10'“ U*’0 

E<iujitiou of time . . 0 43 *0 

Ship mean time . . 21 18 16*4 

( JroemvieU mojai time 21 22 41 '0 
Loug. iu time ... 4 24 *6 

Longitude . . I” 6' 9*' W. 

(177.) Sept. 25, 1845, at 4*' 20*“ lueaii time nearly, 
in latitude 59*" 30' N., and longitude by mrcouut 112° BO' 
W., when a chronometer showed 1 1^‘ 44™ 20*, the observed 
altitude of the sun’s Iowht limb was 10° 50' lO*", the index 
correction + C' 10" and height of eye alwve the sea 18 
feet, required the longitude. On Sept. 20, the chronometer 
was fast on Greenwich mean time 0™ 30> 7 and its daily 
rate was 10»’5 losing. Ans., 112° 33' W. 

(178.) May 30, 1845, at 3*‘ 10“* P.M., mean time nearly, 
in latitude 30° 12' 0" and longitude hr account 156° 0' 
E., the obsened altitude of the sun’s lower limb was 
21° S' 40* when a chronometer showed 4** 44“ 66*; the 
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index correction — 1' 10*, and height of eye above the sea 
^ feet ; required the longitude. On May 19, the chrono- 
meter was fast 5*" 16* on Greenwich mean time, and its 
daily rate was 3*‘5 gaining. Ana., 156° 2(y E. 

(179.) July 8, 1849, at 40™ p.m., mean time nearly, 
in latitude 50° 48' N., and longitude by account 1° 1' W., 
the obsenred altitude of the sun’s lower limb, taken by the 
artificial horizon, was 109° 5 1' 44" the chronometer showed 
lb 44in i4«^ 11,0 index correction -h 1' 25*; required the 
longitude. On July 1, the chronometer was slow on 
Greenwich mean time S™ lS*-4, and its daily rate was 3* 5 
losing. Ans., 1° O' 0" W. 

(ISO.) January 20. 184(5 at 40™ mean time 

nearly, in latitude 5(5° 20' S., and longitude by account 
83^ 10' W., when a chronometer showed 0“ 1 P" 50», the 
observed altitude of the sun’s lower limb was 20° 20' 30", 
the index correction — 1' 30", and the height of the eye 
above the sea 20 feet frt'quired the longitude. On Jan. 2, 
the chronomet<T was fast on Greenwich mean time 5“ 20*, 
and on Jan. (5 it was fast 4® 52% from which may be found 
its mean daily rate. Ans., 83° 5' 45" W. 

(181.) Feb. U), 1810, at 7^ 50™, a.m., mean time nearly, 
in latitude 50° 48' and longitude by account 170° 30' 
E., when a chronouiet<’r showed 9^ 59"‘ 25*, the observed 
altitude of the sun’s lower limb was 51° 9' 10", the index 
correction — 3' 20", and the height of eye above the sea 
10 feet, required the longitude. (Jii dan. 31, at Greenwich 
noon, the chronometer was fast 3i’“ 43% and its daily 
rate was 20»‘(> losing. Ans., 170° 34' 15 " E. 

Elements from Nautical Almanac. 

decHoation. );<{iutIoii of Uma. Scml. 

fiept. 2.') . . 0” 53' 47" a . . 8"* 23“0 sub. . . 15' 59" 

„ 20 . . 1 17 12 a . . 8 * 43-4 

May 29 . . 21 38 43 N. . . 2 56 '4 sub. . . 15 47 

„ 30 . . 21 47 47 N. . . 2 48 5 
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Son’s 

deeUnation. 



Equation of time. 

Semi. 

July 8 . . 

. 22” 

29' 

9" 

N.. 

. 4“ 

40**9 add . 

. 15 

45 

„ 9 . . 

. 22 

22 

7 

N. . 

. 4 

50 *1 



Jan. 20 . 

. 20 

8 

22 

8. . 

. 11 

19 *2 add . 

. 10 

16 

F^. 0 . 

, 14 

41 

83 

& . 

. 14 

81*0 add . 

. 16 

IS 

n 10 . 

. 14 

22 

11 

& . 

. 14 

82 0 




JRuU XLVIir. 

To find the longitude hg star chronometer. 

Object observed, a star. 

1. Get a Greenwich date. 

2. Find Greenwich mean time by bringing up the error of 
the chronometer to the instant of ob8er\'ation by Eule XLII. 

3. Take out of the Nautical Almanac the right aacensicMi 
and declination of the star, and also the right ascension of 
the mean sun (called in Nautical A.lmauac sidereal time),, 
for mean noon of the Grcenwicli date. 

4. Correct tho right ascension of the mean sun for 
Greenwich dat<\ 

5. Correct tho obsorrod altitude for index correction, dip, 
and refraction, and thus get the true altitude, which subtract 
from 90° to obtain the zenith distance. 

C. To find the star" s hour angle (using log. haversines*). 
Under the latitude put the star’s declination; add if the 
names be unlike, subtract if like; under the result put 
star’s zenith distance, and take the sum and difference. Add 
together the log. secants of the two first terms in this 
form (omitting the tens in each index), and the halves of 
the log. haversines of the two last, the sum rejecting 
ten in the index, will bt^ the log. haversines of star’s 

* If the student have no table of haversines, he may proceed as 

directed in the note to p. 171, and Ex. p. 174, to find the aun*s hour 
anfflo w apparent time, uung the star’s declination instead of sun’s, so 
Aci to get the star’s hour angle. 
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hour aQ£;lo, to be taken out at top of pa^» if heavenly 
body be west of meridian, but at bottom, if cast of meridian. 

7. To Jind mem time at thip. To the hour angle thus 
found, add the atar's right ascension ; and from the sum, 
increased if necessary by 24 hours, subtract the right 
ascension of the mean sun ; the remainder is mean time at 
the place at the instant of observation. 

8. To Jind the longitude. Under ship mean time put 
Greenwich mean time as known by the chronometer ; the 
diiference is the longitude in time, ww/, if Greenwich time 
U greater than ship time, otherwise east, 

EXAMPLES. 

1. Sept. 10, 1814, at 7‘‘ 15"‘ mean time nearly, iii 
latitude 48° 20' N., and longitude by account 112° K., when 
a timekeeper showed rd‘ I*" 28", the observed altitude of 
a Bootis (Arcturus) \V. of meridian was 81° 5' 40", the 
index correction — 4' 10", and height of eye above the H(‘n 
20 feet ; required the longitude. On Aug. 25, tlm chrono- 
meter Avas slow on Greenwich mean time 2’” 40*, and its 
daily rate was 4"'3 gaining. 


Ship, Sept lo . . . . 


16' 


Long, in tiiuo .... 


8 


Gre«?nwich, Sept. lU . . 


1 


Interval, IC*' Doily rate 



4-8 




18 




25H 




4 y 

is i 



88*8 

1 M 1 



0-7 




0-2 



C,Ci) 

Accumulated rate .... 


1- 

9* '7 gahici 

•Chronometer ahcm'cd . . . 


1 

28 0 

.• 

5 

0 

18 '8 

Original error 


2 

40 *0 alow 

Greenwich mean time : . . 

6 

2 

58 '8 
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Observed altitude . 

. . 31* 

6 ' 40" 

Indcs correction . 


4 10 — 


31 

1 30 

Dip 


4 24 — 


30 

57 ti 

Refraction . . . 

. . 

1 37 — 


30 

55 29 


90 


Zenith distance . . 

. . 59 

4 31 

lUght aieentSon mean Aim. 


10th 

. ll** 18‘ 

“ 28-15 



49*28 

3"‘ . 


•49 


n ly ]7’y 


Stai‘’8 right OMCcusion . . . H** 8"’ 34*‘65 
Stw'a declination . . . . 19" 69' 44" N. 

Jiatitndo . . .48" 20' 0" X. . . See. . . 0177312 

Doclinatioii . .19 69 44 N. . . Sec. . . 0*027003 

28 20 10 
Zenith distnnee . .'19 4 .‘il 

Sum 87 24 47 ... 4 Lav. . . 4*839453 

Difference. .. 30 44 15 ... i h.iv. . . 4*423295 


Hav. 

. . 1 

0*407 

003 

Hour angle 

4‘' 

oon 

15* 

Star’s right lusceurion . , 

. 14 

8 

34*6 


18 

30 

49*6 

Right asccii. uicau sun . , 

, n 

19 

17*9 

Ship menu time . . . . 

7 

11 

31*7 

Gi*«t*nwicli mean time . , 


O 

58*3 

Longitude iu time . . , 

2 

8 

33*4 


Longitude . . 32“ 8' 21" E. 


2. May 24, 1S44, at 11“ p.m., mean time nearly, in 
latitude 50° 48" N., and longitude by account 1° 0' W. wh(?n 
a timekeeper showed 11*^ 12“ 11**S, the observed altitude 
of a Lyne (Veeal E. of jneridian was 109® 29' 18" in 
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artificial horixon, the index correction — 3^ 40", required 
the longitude. On May 14, at Greenwich mean noon the 
chronometer waa slow 1“ 15*-8 and its mean daily rate was 


7‘*4 losing. 

Ship, May 2< .... 11^ 11* 

Long, in tinio .... 4 

Greenwich, May 24 . . II 15 


Daily rate . . . 7*'4 
Interval, 10^ ll** 15« 10 

is 4 74 0 

2 „ i i 2-5 
1 .. i ‘0 
IS*",, i _i_ 

0.01 77'2 lost 


Accumulated mte . . 


1"‘ 

17* 

‘2 

Chronometer showed . 

. 11^ 

12 

11 

•8 


11 

13 

20 

•0 

Original error # . . . 


1 

15 

•8 

Greenwich mean lime . 

. TT 

14 

44 

•8 

Observed altitude . 

. 100“ 

20' 

IS' 


Index correction , . 


3 

4'! 

— 


2) loi) 

ItT 

32 



.".4 

42 

40 


Hefmetion .... 



41 

_ 


rt4 

42 

r; 



00 




Zvnilb distance . , 

. 35 

17 

55 



Itiglit asc*-nitioii itu-nn hiiii, 

24th I** 8- 43‘-5G 

111* . . 1 4.V42 

14- . . 2 '.'10 

4 o* . . 13 

4 10 34-4' 

Stars right ascension . . 18^ SI** 42* 2 

Star’s declination .... 38® 88^ 24 ' N. 
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L»titude ... 50“ 4^ (TN. . . Soc. . . 0190265 

DecltiuitioD . . 38 as 24 N. . . Sec. . . 0107800 

12 9 36 

35 17 65 

Sum 47 27 31 ... | hav. . . 4*604673 

Difleroiice. . . 23 8 19 ... 4 bav. . . 4*302209 




9*213445 

Hour angle 

. 20** 

49“ 

13‘ 

star's right asccut^iou . 

. 18 

31 

42*2 


39 

20 

66*2 

Right ascen. mcau Htin . 

4 

10 

34*4 

Ship mean time . . . 

. 11 

10 

20*8 

Greenwich mean time . 

• IL 

14 

44*8 

Longitude in time . . 


4 

24*0 


Longitude = 1® 6' W. 


(182.) Aug. 20, 18i5 at O’* 30“ a.m., mean time uearh, 
in latitude 50® 20' N. and longitude by account 142® 0' E. 
when a chronoineter showed 2^ 41“ 12*, the observed 
altitude of the star a Aquilap (Altair) was 36® 59' 50", 
west of th(‘ nieriilian, the index correction -f 6' 30' and 
height of eye aboTe the sea 20 feet ; required the longitude. 
On Aug. 1 the chronometer was slow on Greenwich meai\ 
time, 17“ 45» 0 and its daily rate was 4»*3 losing. 

Ans., 142® 14' 15" E. 

(183.) Sept. 10, 1844, at 4*‘ 21“ a.m., mean time nearly, 
in latitude 40® 36' N., and longitude by account 73® E., 
w'hen a chronometer showed 21“ 56« the observed 
altitude of fi Geminorum (Pollux) was 39® 0' 10' east of 
meridian, the index com'ction — 4' 10" and height of eye 
above the sea 20 feet, required the longitude. On Aug. 
20, tbo chronometer w'as slow on Greenwich mean time 
3“ 19*‘0, and its daily rate was 9**3 gaining. 

Ans., 72® 45' 45" E. 

(184.) January 16, 1845, at 8** 0“ p.m., mean time 
nearly, in latitude 49® 56' 50" N., and longitude by account 
94 ® 80' W,, when a chronometer showed 2*^ 24“ 30*, the 
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observed altitude of a Leonis (Eegulus) was 8** 4' 20”, Iv 
of meridian, the index correction — 4' 20", and height of 
eje above the sea 25 feet, required the longitude. On 
Januaiy 1, the chronometer was fast on Greenwich mean 
time 5® 30**5 and its daily rate was 5**6 losing. 

Ans., 94® 24' 45” W. 

(185.) January 20, 1840, at 8*‘30® p.m., mean time nearly, 
in latitude 50® 48' N., and longitude by account 7® 10' W.. 
when a chronometer showed 8** 32“ 50* the observed altitude 
of c Leonis was 28^^ 0' 10” east of the meridian, the iude\ 
correction — 0' 20 , and the height of eye above the sea 
20 feet ; required the longitude. On January 2, the chrono- 
meter was fast on GtH'enwich mean time 30“' IlO* and its 
mean daily rate was 15*’5 losing. Ans., 7“ 18' E. 

Elements from Nautical Almanac. 

Kifflit aacon. mean aun. HUr'a ri.crht 

Aug. 19 . . 9»‘ 50« 46"*5 . . I!)** 43"» ]7«o 

Sept. 9 . . 11 14 31 -n . . 7 35 48 •« 

.Ian. 16 . .19 43 7 2 . . 10 0 8 8 

Jan. 20 . .19 57 .55 9 . . 9 87 8 *3 

Loji/fitudc hy lunar ohscrration. 

The time at the ship is obtained by the same kind of 
observation as that for finding the longitude by chronometer. 
The time at Greenwich is found by calculating the true 
distaneo of the moon from the sun or some other heavenly 
body, and comparing it with the distance of the moon from 
the same heavenly body as recorded in the Nautical Almanac- 
for some given time at Greenwich. 

To find the true distance. 

The true distance is found by clearing the observed 
distance of the eff<?cts of parallax and refraction, by the 
following or some other similar methods. 


Ktur’ii di'ol. 

. 8“ 28' 7"N. 
. 28 23 40 N 
. 12 43 6 K, 

. 24 28 33 N 
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Mule for clearing the distance hy the common logarithmic 
tables. 

Let 8, be the apparent place of the sun, then in con- 
sequence of the effects of parallax and refraction, the latter 
raising the sun more than the 
former, depressing it in alti- 
tude, its true place will be 
below as at s. 

Let M, be the apparent place * 
of the moon, then its true 
place will be above m, since the moon U depressed 
parallax considerably more than it is raised by refraction ; 
let therefore m represent the true place of the moon. 

Through m, and draw the arc of a great circle m, s, ; 
this will bo the apparent disianct^ found hg observation^ draw 
also M 8 an arc of a great circle tlirough the true places of 
the sun and moon, then the arc m a will bo the true distance 
of the heavenly bodies at the time of observation to he 
computed. 

Let z bo the zenith of the spectator ; then if we suppose 
the ofiect of parallax to take place in n vertical circle, tho 
arcs z z 8 are circles of altitude. 

Tho true distance m s may bo computed by means of tho 
common rules of spherical trigonometry, as follows : 

1. In triangle z s, the three sides arc given, namely, 
tho two apparent distances z and z s, and the observed 
distance m, s^, to find the angle z. 

2. In triangle m z s are given the two sides H z and s z 
tho true zenith distances of the heavenly bodies and the 
included angle z just found, to compute the third side M s, 
the true distance required. 

The practical inconvenience of this method arises from 
the neceasity of taking out the log. sines, SiC., to tho 
nearest second, a work of considerable labour with the 
common tables of logarithm sines, &c., which seldom give 
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tbe BiCB nearer than 15". To obviate this the true distance 
is now usually found in terms of the versines, the arcs in 
the table of versines being given to the nearest second. 


Investigation of the Buie for clearing the distance hg means 
of a table of versines. 

Let z M tlie true zenith distance of moon = z 

„ z s ,, of sun or star = z, 

„ z the opp. zenith distance of moon = 90 a 

„ z 8^ „ of sun or star = 90 — • a, 

(where a and a, are the apparent altitudes of moon and sun 
or star) 

8^ apparent distance of bodies . . si 

and \£ s their true distance . . . . s ^ 


In triangle z m s . cos. z = 
In triangle z . cos. r = 


cos. jr — cos. z cos. j? 
sin. z sin. 

cos. (I — sin. a sin. a, 
eos. a cos. 

cos. or — cos. z cos z, ^ cos. d — sin. a sin. a, 
sin. z sin. z, cos. a cos. 

adding 1 to both sides, and multiplying uj) 

cos. X — (cos. z COM. z, — Kin. r sin. z<) 

^ sin. r sin. z^ 

_ cos. d — sin. a sin. + cos. a cos. 
cos. a cos. 

or CO.S. a — cos. (z -f *,) cos. d •+* cos. (a + a^) 
sin. z sill, z^ CO.M. a cos. o, 

cos. X — cos. (z -f r) 


= (cos. d + cos. o -h «). 


Bin. sin. z, 
cos. a cos. 0 . 


= (cos. a 4* cos. a -r af 2 cos. a 

> . . sill, z sin. z, ^ . . . 

(Assuming = 2 cos. a) cos. x — cos. (z -f sj 

' ® cos. a cos. ^ ' 

=: 2 cos. d cos. A + 2 cot. (a + a,) cos. a 
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ssC08.(a+A)4.C0S.(i-.A)H-C08.(a+«, + A) + C08.(fl+fl,— a): 
transposing cos. (z + z,) and subtracting each term from 
1 we have 

1 — cos. = 1 — COB. (r + rj + 1 ~ cos. (a + a) 

+ 1 — cos. (rf — a) + 1 — COB. (a + <», + a) 

+ 1 — cos. (j 4- — a) — 4. 

Or in tabular veraiiies (see the author’s Trigonometry, 
p. 30.) 

tab. ver. .r = tab. ver. (r + z^) 4* tab. ver. (d 4- a) 
4- tab. ver. (^ — a) 4* tab. ver. (a 4- 4- a) 

4- tab. ver. (a 4- — a) — 4000000. 

The auxiliary angle a is found in the Nautical Tables of 
InmaU) lliddh*, Noric, and others. 

The student will be able to determine the relative 
value of the two methods, by working an example by each. 


EXAMri.K. 

Bequircd the true distance of the moon from the sun, 


having given 

A pp. alt. Han . . 34 '21' .^2" True alt. sun . . 34''20'14’' 

App. alt. moon . . 57 11 2.5 True alt moon . 57 40 11 

And appoi’out distance of ccntren 35 47 24 


Firgf method . — By the common rules of trigonometr}'. 

1. To Jtnd angle in triangle 8^ z M,. 

Sun’s app. senith dint. . 55“ 38' 28" , Co«ec. . . . 0 0832731 
Moon's app. Konith dist. . 32 48 35 (Josoc. . . . 0 2661203 


22 49 53 

A])i)areDt distance . . . 35 47 24 

Sum 68 37 17 

Ilifferonco 12 57 ,31 

^ sum 29 18 38*.5 . Sin .... 9’6897928 

4 diffewna* 6 28 45-5 . Sin . . . . 9 0524798 

2) 19-091 666<> 
Sin 4 : . . . 9-6458380 
4 2 ... 20 84 28*5 
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2. To find s M in trianfie 8 z m. 


Const, log. 6*3010300 

Sin. son's truo zenith dist. . . 0*9168891 
Sin. moon's true zenith dist. . 9*7281939 

Twice sin. \z 19*0916660 

Log. ver. arc . . 6*0377290 

Voj-s. ai*c. 109076 

Ver. diff. of zonitli dlshuiei-* 81669 

107 

Vera, distance 190862 


.*. Title distance = 36" 69' 14". 


Second method . — The true distance found by versines, tlit' 
auxiliary angle (taken from the table) being G0° 25' 10'. 


Sun’s tnie zen. di.<<t. . 

. 55' 

39' 

W 



Moon's true zen. diht. 

. 32 

19 

5o 


f"! 

Sum . . 

. 87 

59 

36 vers. 

. . 964810 . 

'ivr 





1107999 . 

196 

Apiiarent . 

. 36 

47 

24 

90886 . 

104 

Aux. angle (A) . . 

. I>0 

2.6 

16 

188*2671 . 

3i> 

Sum . . 

. !UJ 

1*2 

40 vers. 

143883 . 

102 

Difforcuco 

. 24 

37 

52 ver?». 

4190261 . 

60.6 

Sun's apparent alt. . 

. 67 

11 

2.6 

606 


Moon’s ap]iarent ait. 

. 34 

21 

32 

4190856 


Aux. angle (A) . . 

. 60 ‘25 

16 

vers. 1 90856 


Sum . , 

. 151 

5.S 

13 vers. 

.*. True dint. 36' 

' 59' 15 

Difleivnt'c 

. 31 

7 

41 verH. 




In practice it is not uecessar}'' to take from the tabic oi 
veraines more than the last five figures, K*jecting also all but 
these last five in the sum, since the true distance will bi^ 
always either in the same column with the apparent distance 
or the adjacent one. Thus, taking the preceding example, 
it may be worked thus : — 
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55“ 

CO 

40" 



32 

19 

50 

Vers. 

Parts for 
seconds. 

87 

59 

80 venu 

64810 . . 

. 174 

35 

47 

24 

07999 . . 

. 195 

60 


16 

90885. . 
82674 . . 

. 104 
. 30 

96 

12 

40 vers. 

43883 . . 

. 102 

24 

37 

52 vers. 

90251 . . 

1 

57 

11 

25 

605 


.34 

21 

32 

90856 . . 

35" 59' 

91 

32 

57 

812 


60 

25 

16 

44 . . 

16" 

151 

31 

58 

7 

13 vei*8. 

41 vers. 

True diat. . . 

35 59 15 


Hence this rule for clearing the dirttoncc by means of an 
auxilioiy angle. 


Rule XLIX. 

To clear the lunar dUtance. 

1. Under the sun’s or star’s true zenith distance put the 
moon’s true zenith distance ; take the sum w hich mark vers. 

2. Under the apparent distance of the two centres put 
the auxiliary angle A; take their sum and difference, against 
both, wrhich mark vers. 

3. Under the sun’s or star’s apparent altitude put the 
moon’s apparent altitude and take tlieir sum ; under which 
put the auxiliary angle A; take the sum and difference, 
against both which mark vers. 

4. Add together the five last figures of the versines of 
the quantities marked vers., rejecting all but the last five in 
the result, which look for in the column of versines under 
tho apparent distance, or under the adjacent one ; lake out 
the arc corresponding thereto, which will be the true dis- 
tance required. See example, above. 
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£XAMPL£& 

(186.) The apparent altitude of the moon = 50® 54' 38'' 

„ true zenith distance ,, = 38 30 40 

,, apparent altitude of the suu 30 29 48 
„ true zenith distance ,, ss 59 31 44 
and the apparent distance of the two centres = 88 49 58 

and the auxiliary angle A == 60 24 12 

required the true distance. Ans., 88 24 17 

(187.) The sun’s apparent altitude . . = 54° 29' 33'' 

moon’s apparent altitude . . = 5 25 59 

moon’s zenith distnnoe . . = 83 48 29 

sun’s zenith distance . . . =: 35 31 3 

,, auxiliary angle A . . . . = 60 2 11 

„ apparent distance . . . . = 105 5 47 

required the true distance. Ans., 104 26 1 8 

(188.) The sun’s apparent altitude is 17° 39' 3V', the 
moon’s apparent altitude 24° 13' d*5", the moon’s zenith 
distance 64° 56' 45'', the sun’s zenith distance 72° 23' 22", 
the auxiliary angle A 60° 12' 33", and the apparent distance 
111° 20' 45"; rtHjuired the true di.stance. 

Ans., 110° 56' 0". 

(ISO.) The sun’s apparent altitude is 54° 47' 4", the 
moon’s apparent altitude 21° 20' 1" the moon’s ztmith 
distance 67° 51' 5", the sun’s zenith distance 35° 13' 32", 
the auxiliary angle A 60° 10' 44", and the apparent distance 
71° 16' 44" ; required tlic true distance. 

Ans., 70° 38' 5". 

(190.) The sun’s apparent altitude is 12° 19' 30", tho 
moon’s apparent altitude 20° 40' 18", the moon’s zenith 
distance 68° 2S' 19", tho sun’s zenith distance 77° 44' 42", 
the auxili.ary angle A 60° 10' 53", and the apparent distance 
124° 44' 32" ; required the true distance. 

Ans., 124° 10' 11". 

(191.) Tho sun’s apparent altitude is 57° 53' 52", tho 
moon’s apparent altitude 35° 3' 2", tho moon’s zenith 
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distance 54® 11' 56", the sun’s zenith distance 32® 6' 40", 
the auxiliaiy angle A 60° 17' 54", and the apparent distance 
65® 84^ 4(2" ; required the true distance. 

Ans., 64° 58' 10". 

(102.) The sun’s apparent altitude is 15° 43' 48", the 
moon’s apparent altitude 16° 5' 5", the moon’s zenitii 
distance 78° 1' 82", the sun’s zenith distance 74° lO' 28", 
the auxiliary angle A 60° 8' 86", and the apparent distance 
119° 44' 31" ; required the true distance. 

Ans., 119° 19' 51". 

(193.) The apparent altitude of a star is 20° 13' 26", the 
moon’s apparent altitude 31° 17' 22", the star’s zenith 
distance 69° 49' 11", the moon’s zenith distance 57° 57' 44", 
the auxiliary angle A 60° 15' 21", and the apparent distance 
72° 42' 16"; required the true distance. 

Ans., 72° 33' 4". 

(104.) The apparent altitude of a star is 29° 59' 16", the* 
moon’s apparent altitude 32° 30' 10", tlie star’s zenith 
distance 60° 2' 24, the moon’s zenith distance 56° 41' 33’ , 
the auxiliary angle A 60° 17' 23", and the apparent distance 
58° 44' 19", required the true distance. 

Ans., 58° 30' 21". 


Mule L. 

2b find the longitude hy Umar observations. 

Objects observed, sun and moon. Altitudes taken. Ship 
mean time determined from sun’s altitude. 

1. Get a Greenwich date. 

2. Take from the l^autical Almanac and correct for 
Greenwich date the following quantities : — 

Sun’s declination and semidiameter. 

Equation of ti^me (noting whether it is to be added to 
or subtracted from the ship apparent time). 

Moon’s semidiameter and horiaontal parallax. 
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3. Correct the son's apparent altitude for index cor- 
rection, dtp, semidiameter, correction in altitude, and thus 
get the sun's apparent and true altitudes. Subtract the 
true altitude from 90° for sun's zenith distance. 

4. Correct the moon’s observed altitude for index cor- 
rection, dip, semidiameter (augmented), correction in alti- 
tude, and thus get the moon's apparent and true altitude. 
Subtract the true altitude from 90° for moon's zenitli 
distance. 

5. When the moon’s correction in altitude is taken out 
of the Tables, take out also at the same opening the auxiliary 
angle A. 

6. Correct the observed distance for index correction, 
and to the result add the semidiameter of the sun and moon 
(augmented), and thus get the apparent distance of the 
centres. 

7. To find ship mean time* Under sun's declination put 
the latitude of the ship ; take the sum if their names bi* 
unlike f the difference if the names b(‘ alike. Under the 
result put the sun's zenith distance ; take the sum and 
difference of the last two linos put down. Add together 
the log. secants of the twt> first quantities in this form 
(omitting to put down the tens in the index) and half of 
the log. liaveraines of ea<di of the two la.st quantities. The 
sum will be the log. liaversine of the ship apparent time. 
When the sun is w^est of the meridian, the time correspond- 
ing to the haversine must bo taken out at the top of the 
page ; but when the sun is east it must be taken out at the 
bottom. The result is apparent time at the ship : to this 
apply the equation of time with its proper sign and tin* 
result will be tlie ship mean time. 

8. 7b calculate the true distanecy and thence Greenwicl 
mean time. 

* If tho student baye no table of bavomines he inaj proceed an 
pointed out in the note p. 171, and Ex. p. 174, to find ship apparent 
time. 
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Add together the zenith distances of the sun and moon, 
and mark the sum r. 

Add together the apparent altitudes of the sun and 
moon, and under the sum put the auxiliary angle A : take 
the sum and difference of the last two quantities, and mark 
each with the letter u. 

Under the apparent distance of the centres put the 
auxiliary angle A and take the sum and difference and mark 
each result with the letter v. 

Add together the five last figures of the versines of each 
of the quantities marked v. The five last figures in the sum 
being looked for in the column of versines under the 
apparent distance or in the adjacent column, the arc 
corresponding thereto will be the true distance of the smi 
and moon at the time of the observation. 

0. To find Qrcemcich viran iime corresponding to this 
true distance. 

Take out of the Xauticnl Almanac two distances of the 
sun and moon three hours apart, between which is the true 
ilistauec just c.'dciilatod : place the first distance taken out 
under the true distance, and the one three hours after under 
the other distance taken out. Take the diflercnce betw t'cii 
the first and second, and also between the second and third. 
Prom the proportional logarithm of the first difference 
subtract the proportional logarithm of the second difference; 
the remainder is the proportional logaritlun of a portion of 
time, w^hich take from the table, and add thereto the hours 
corresponding to tho first distance taken out of the Nautical 
Almanac. The result is Grecnwi(*h mean time when tho 
obsen^atiou was taken. 

The difference betw een ship mean time found above and 
Greenwich mean time is the longitude in time ; turn it into 
degrees, and mark it ** east if the Greenwich time is the 
least, and w est if the Greenwich time is best.** 
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EXAMPLES. 

Feb. 12, 1848, at 2** 86*** p.m., moan time nearly, in 
lat. 63® 8(y N., and long, by account 15° 80' E., the following 
lunar observation was taken : — 


ObA. alt. snn’a L. 1.. alt m«m a L. L. 

Oba. dint. N. L. 

29“ K' 16" 25“ 40' 

20" 

99“ 27' 30" 

Index cor. 2 10 1 

10 

0 60 — 

The height of the eye above the sea was 20 feet ; required 
the longitude. 

Ship, Feb. 12. . . . 

2>* sa® 


Long, in time . . . 

1 3 K. 


Oreenwicb, Fob. 12 . 

1 33 


Bun’« dcflia. Sqtia. of Utnr. 

Moon’s Brnii. 

llor. p«r 

Kill . . 18’ 62' 18 S. . . 14"* 33* add l‘2th 

noon . 16' 58 

.... 68* 36 

13th , . 13 82 21 a. . .14 .32 „ 

mid. . 1.6 64 

.... 68 23 

W 67 1 

4 

13 

r«r. « 

•88886 



13 M 1 S. 

Sun'ti semi. . 16' 13 


Siin’Kkli. HtNm'cBlt. UiiiiBur4<. 


Ob».»U. . 

. 2^ 

17' 

26 

Ohs. alt. . 

. 2.6’ 

40* 

•JO 


90* 

SR' 

30 

In. oor. . 


2 

10- 

■ In. cor. . 


1 

M 

Jn. cor.. . 

. 

0 

50 



1.6 

IG 


26 

;«» 

10 


99 

26 

40 

Dip. , . 


4 

•J4 

Dip. . . 


4 


Hun’s serai. 


16 

13 

•JO 

lu 

5‘J 


26 

.'VI 

46 

Moon’s aenl. 


10 

& 

8«mi. . . 


16 

1.1 

.aemf. . . 


in 

r> 



58 

68 


•JO 

27 

6 


•A6 

rut 

61 





Cor. in alt. 


1 

,V> - 

Cor. lu alt. 


m 

13 

60’ 

13' 

40 




26 

:w 






.If 



9 



90 




2G 

41 

3.> 





Sun’s Z. D. 

.00 

34 

;io 


90 

■ 
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(195.) March 25, 1847, at 3^ 30^ p.m., mean time nearly, 
in lat. 52® N., and long, by account 38® W., the following 
lunar was token : — 

OlM. aJt Mui’t L. L. Obi. Alt. mooo’a L. L. Obi. diit N. L. 

23* 10^ 20’ 23* 50^ 10’ 112* 56' 30’ 

Index cor. 6 10 — 60-f* 4 20 — 

The height of the eye above the sea was 20 feet ; required 
the longitude. Ans., 32® 59' 30" W. 

(196.) April 20, 1847, at 2** 0™ p.m., mean time nearly, in 
lat. 50® 50' N., and long, by account 1° 40* E., tho following 
lunar was taken : — 

Obc. lit. iiin'R I.. L. Otw. lit. moon's L. L. Ob«. dlwt. N. L. 

43’ 16' 30’ 24’ 39' 2U' 69’ 12' 0’ 

Index cor. 0 10 + 0 20 — 0 50 — 

The height of the eye above the sea was 20 feet ; required 
the longitude. Ans., 1® 20' 30" E. 

(197) . May 19, 1847, at 2** 50*" p.m., mean time nearly, 
in lat. 51° 30' N., and long, by account 20® 40' E., the fol- 
lowing lunar was taken : — 

Obs. lit lun't L. L. Obi. lit. moon's 1.. I.. Obs. distN. L. 

42’ 5(y 30’ 25’ 10' 20" 61’ 40' 20’ 

Index cor. 410-t- 6 10— 2 10-f 

The height of the eye above the sea was 20 feet ; required 
the longitude. Ans., 20® 42' E. 

(198) . Feb. 6, 1851, at 3** 30"* p.m., mean time nearly, in 
lat. 60® 20' N., and long, by account 26® 45' E., the follow- 
ing lunar was taken : — 

Obs. lit sen's L. L. Obs. ilt. moon’s L. L. Obs. dist 14. L. 

24’ 20' 0’ 33’ KK 0’ 67’ 30' 10’ 

Index cor. 2 30-f 1 20 + 20 + 

The height of the eye above the sea was 11 feet ; required 
the longitude. Ans., 28® 35' B. 
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(199). Feb. 20, 1850, ftfc 8^ 50*" P.H., me&n time nearly, 
in kt. 10® 20' N., and long, by account 7® W., tbe following 
lunar waa tidmu : — 

Ota.alttan*iL.L. Ob*. alL moon's L. L. Obs.dist.K.Ii. 

SO® 15' 40- 24* 10' 10" . 100" 65' 10" 

Index cor. 3 10 — 1 10 + 0 SO + 

The height of the eye above the aea was 20 feet ; required 

the longitude. Ans., 7® 41 W. 

(200.) Jan. 9, 1851, at 2** 50® p.m., mean time nearly, in 
lat. 56° 10' 20*^ N., and long, by account 20° 40' E., the 
following lunar was taken : — 

Obs. alt. son’s L. L. Obs. sit. moon’s L. L. Ohs. dist N. L. 

19* 10' 20" 25* 80' 10" 77* 10' 20" 

Index cor. 2 10 + 1 20 ~ 2 20 — 

The height of tbe eye above the sea was 20 feet ; required 

the longitude. Ans., 20° 85' £. 


Mements from Nautical Almanac. 


Bun’idcrlin. oftinir. Moun’BsmL Ilor. psr. 

Mnr.25. T 40' 86 N. . . 6-13-Hsdd . . 14' 00 . . M' Of) . 
„ 36 . 8 4 39 N. . . 5 05 -3 „ . . 14 55 . . M 44 

DisUneo at .*i liojirs, 111'’ :U' 84 ; at G hours, 112’ 57' 16 . 

Apr. 20 11 33 M N. . . 1 8*4 sub. . . 15 33*7. . 56 29-8. 

„ 21.11 44 26 . . 1 16-8 „ . . 1.5 170. . 60 5-3 

DlsUnee at noon, 68’ 14' 43 ; at 3 lioors, OSK’ 43' 48 . 

Majrl6.19 41 87 K . , .3 49-5aiiub. . . 15 11-6. . 55 46*5. 

„ 20. 19 54 26 N. . . .3 4690 ,. . . 15 6,5. . 65 25-7 

Dlstancs at noon, 61’ 0' 58 ; at 3 hours, 62’ 27' 35 . 

Feb. 6.15 42 19 S. . .14 22-51 add . . M 55-0. . 54 443. 

„ 7 . IS 23 35 8. . . 14 20-18 „ . . 14 59-0. . 54 891 

Plstanco St 0 Inuirs. 57' 9' 21 ; at 3 hours, 58’ 32' 36 . 

Feb. 90. to 56 53 8. . .14 1-7 add . . 16 4-4. . 58 69-2. 

„ 21 . 10 34 16 8. . . 13 64'7 . . 16 »-C. . 59 18-0 

Distanoo at 3 hours, 100’ 7' 50 ; at 6 hours, lui ’ 45' 50 . 

Jan. 9.22 9 2 8. . . 7 19 4 add . . 14 658. . 54 47-2. 

„ 10. 29 0 28 8. . . 7 441 „ . . 15 02. . 55 86 

instance at 0 hours, 76’ 45' 42 ; at 3 hours, 'S’ 8' 46 . 


Sun’s ■riai • 
. IG' 3* 

. 15 56 

. 15 49 

. 16 14 

. 16 it 

. 10 17 



BT SUN LUNAB. 
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Ship Ume obtained from moon*$ altitude. 

When the sun or star is near the meridian, the ship mean 
time must be obtained by computing the hour angle of the 
moon and deducing from thence the ship mean time. This 
may be done by the following nilc. 


Jtule LI. 

Objects observed, moon and sun. Altitudes taken. 

Ship mean time obtained from moon’s altitude. 

1. Get a Greenwich date. 

2- Take out of Nautical Almanac and correct for Green- 
wich date the following quantities Eight ascension of 
mean sun and sun’s semidiameter; right ascension and 
declination of moon ; semidiameter and horizontal parallax 
of moon. 

8. Correct the sun’s altitude for index correction, dip, 
semidiameter, and thus get the apparent altitude : from the 
apparent altitude subtract correction in altitude ; the result 
is sun’s true altitude, which subtract from 90° for sun’s 
true zenith distance. 

4. Correct the moon’s altitude for index correction, dip, 
semidiameter (augmented) ; the result is the moon’s apparent 
altitude. To the apparent altitude add the correction in 
altitude, the result subtract from 90° for tho moon’s true 
zenith distance. 

5. When the moon’s correction m altitude is taken out, 
take out also at the same opening of the book the auxiliary 
angle A. 

6. Correct the obserred distance for index and semi- 
diameter. 

7. To find ihip mean time. 

Under the moon’s declination put the latitude of ship : 
take the diffmnee if the names be alike, but their sum if 



wsmttm MX mm msum. 
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the iiAmM be unlike; under the result put the moon*! 
zenith distnaee, end take snu and dsfeenoe. Add 
together the log. secants of the two first quantities in this 
fbm (fleeting the tens in index) and the halves of the log. 
haversines of the two last; the sum is the log. haversine of 
the moon's hour angle, to be taken oat at the top of the 
page if the moon is west of the meridian, but at the bottom 
of the page if the moon is east of meridian. To the hour 
angle thus found add the moon's right ascension, and firom 
right sum (increased if necessaiy by 24 hours) subtract 
the ascension of the mean sun ; the remainder (rejecting 
24 hours if greater than 24 hours) is ship mean time atihe 
instant of observation. 

8. Then proceed as in p. 211, arts. 6, 9. 


Hay 22, 184t, at 11** a.h., moan time nearly, in 

lat. CO® 48' N., and long, by account, 1® W., the following 
lunar observation was taken 

OlM. «U. L. L, iSfSlli’ *-• 

W 68' 0” 2r 53' 2" 56* 26' 6- 

Index cor. 0 35 + 0 20 — 0 85 — 

The height of eye above the sea was 24 feet; required the 
longitude. 

Ship, M»y21 . . . . 23M5» 

Long, in time .... 

QreanvnvL, Msym . . 28 19 


Kiclitme 


u . . 


18^. . 

s 40*0 

as». . 

8*1 


4 0 OS'S 


Slis'esnU. . 


VcoB*a rifht Men. Mom's fteeUntin. 

S3‘>....7‘W»S4» S8k...iry 

® ^ 9r m 0 . . . IS sr i\ k. 

16 6 1 
'46S40 ‘49M0 

i4«a8B -srsos 

liiesm 0 so v«m t is 


V SS 4 


17 s tax. 



m 


miarnm n bok untja. 


KnAMak 



. ir r-a . 

. . 55 

7*5 

22iwlp Booa 

,15 6*7 . 

. . _55^ 

23*7 


4*4 


16*1 

€or. . . . 

4 *0 . 


12*0 


15 6*3 

55 

10*6 

Ang.^ . . 

5-6 




15 10-3 



Uu*»»hitaii, 

Mmn'» ahltndc. 


OkMmdUMAaM. 

, fi7^ 98* <V* 

OkA.AU. . » 

s 

69' 89* •* 

liidM eor. . 86 4* 

la. oor. . . 0 

so — 

96 — 

!>7 53 86 

TJ 52 

42 

56 96 n 

Dip .. . H 4»- 

Dip . . . 4 

4» — 

16 U 

57 48 46 

« 47 

53 

U 40 

S«mL. . . 16 48 

16 

11 

60 59 31 

App.AU. . .*« 4 86 

App.AU. . 23 3 

4 

Amu a. 

Cor. la Alt. . 36 — 

Cor. la Alt. 48 

81 

OO 11 81 

66 8 88 


17 

4 

80 

S3 » 

4S 

4 

806^4 Z.D.. 31 64 1 

80 


IM) 11 38 


Z«n.dlgt . 60 6 

Ih 


Hooa’a declination 

. 17^ 2' 40’’ N. 

. Sec.. 

. 0*010510 

Latitude . . . . 

. 50 48 0 N. 

. Sec. . 

. 0100263 


33 45 20 



Hoon'8 esn. diat . 

.06 8 18 



Bom ..... 

. 9» 53 38 

i bav. 

. 4*883022 

BUbttaoe ... 

. 32 22 58 

i hav. 

. 4*445378 



hav. . 

. 9*548068 


Hour angle . 


8« I?" 


Moon B right ascen. . . 

7 56 4 




27 24 31 


Bight aso. mean fun . . 

4 0 45*5 


Bhip mean time .... 

23 8 87*6 
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To find Qftonvnek moon time. 


SSeniUi dirt, . 

. 31* 

6ff 

1* 

Verrtaat. 




Zenith dirt. . 

* iL 

8 

21 

40325 


91 


Stun . . . 

. 98 

4 

19 reiB. 

80612 

. . 

54 






6600S 


0 


App. «li . . 

. 58“ 

4' 

35“ 

56063 


48 


App. alt . . 

. 



01608 


2 



81 

7 

89 

44611 


191 


Aux. angle . 

. 80 

11 

89 

190 

Tmedist 

Sum . . . 

. 141 

19 

18 vers. 

44801 . 

56 

16 

32 

Difference . 

. 20 

60 

0 vers. 


55 

15 

36 at 






56 

41 

20 

App. diet. . 

. 60“ 

56' 

31" 

47042 

1 

0 

56 

Aux. angle . 

• Ji- 

11 

39 

82212 

1 

25 

44 

Sum . . . 

. 117 

8 

10 vers. 

14830 

. 2“ 

7- 

56* 

Difference . 

. 3 

15 

8 vers. 


21 





Oreenwicii mean time . 

23 

7 

56 



Ship mean time 


28 

8 

37‘5 



Iioug. in time . 



4 

18-5 




Longitude 

. . 1“ 

4' 87“ V. 


(201.) Mfty 10, 1850, at 0^ 50® p.m., mean time near})', 
in lat. 42° 30' K., and long, by account 20° 6' W., the 
following lunar was taken : — 

°V5Sri3to:' 01».4W.N.L. 
cr 44' 30' 39“ 30' 20" 63* !(/ 0" 

Index cor. 2 10 — 1 10 — 0 20 •f 

The height of the eye above the sea was 20 feet ; required 
the longitude. Ans., 29° 6' 0* W. 

(202.) May 18, 1850, at !*» 0® p.m., mean time nearly,, 
in lat, 43° N., and loug. by account 41° 86' W., the follow* 
ing lunar was taken : — 

64" 80' lO- IS* \V 20' 00’ 20" 10' 

Index oor. 2 10 + 1 10 — 1 20 

The height of the eye above the aea was 15 feet ; required 
the longitude. Ans., 41° 38' 45^ 



vt stift tii 


M emmtt fnm KtmHeal Mmame. 

Uimmwnf*lL k, Hmmlkumi. Bor.yu. !!«<«*• K. 4. 

Mth . # NodQ.ia't^ 6B'48'^ 7«5^1»‘79 Ifi^Srse^N. td* 

XU. M i$-9 W SiD 8 0 48<0t 18 47 4S N. 
X}|itftaM*tiioaa,81'S7*SM*; at 8 boon, 68* 7* 80^ . 

lath . 3 48 15 *» ?)<KNl, 16 4 -8 fi8 58 ‘8 9 57 4 -es 13 17 16 X. 15 49 
XU. 16 0*6 56 45 ‘3 9 Se 63 -58 13 8 8 N. 
DUrtann at 3 boan, 89* 31' .39^; 4t 6 hour*, 91* 9' K 


JRule LII. 

Ship iime obtained from starts attitude, 

1, Get a Greenwich date. 

2. Take out of the Nautical Almanac and correct for 
Greenwich date the following quantities: — star’s right 
ascension and declination; right ascension of mean sun; 
moon’s semidiametcr and horizontal parallax. 

8. Correct the star’s observed altitude for index correc- 
tion and dip ; the result is the star’s apparent altitude ; 
from this subtract refraction ; the remainder is the star’s 
true altitude, which take from 90® to find star’s true zenith 
distance. 

4. Correct the moon’s altitude for index correction, 
dip, aemidiameter (augmented), and thus get the moon’s 
apparent altitude ; to this add the correction in altitude : 
the result is the moon’s true altitude. Subtract the moon’s 
true altitude from 90® ; the remainder is the moon’s true 
zenith distance. 

5. When the correction of the moon’s altitude is taken 
out, take out also at the same opening of the book the 
auxiHarj angle A. 

0 . To find eldp mean time, 

Under star’s dedination put latitude of ship : take the 
Mum if the names be unlike ; but if the names be like take 



SM mimmsim by stm umiL. 

the d^Becenee: under the result put the star^ft tme zemthi 
dattuoce^ take the stiiii and dilfenaioe the two last 
^pjisdjtiea put down. 

Add togeUier the log. secazite of the two first quantities 
in this form (rejecting the tens in the index) and the halves 
of the log. haTeminea of the two last ; the sum will be the 
log. hayersine of the star's hour angle, to he taken out at 
the top of the page when the star is west of the meridian, 
and at bottom when east. To the hour angle thus found 
add the star's right ascension, and from the sum (increased 
if necessary by 24 hours) subtract the right ascension of 
the mean sun ; the result (rejecting 24 hours if greater 
than 24 hours) will be ship mean time. 

Then proceed as in p. 211, arts. 8, 9. 

XXAXrUB. 

June 2, 1849; at 10^ 17“ p.m., mean time nearly, wi 
1st. 60^ fit/ N., and long, by account 41® W., the following 
Itinar observation was taken : — 

Oll...ll,m«».L.L. W.I.N.L. 

2fl“ 21' 40" Sr 11' 0' 72’ W SO” 

ladsx^ tor, S 50 ^ 4 10 — 9 10 -- 

The height of the eye above the sea was 20 feet ) rcquiretl 
the longitude. 

Slup, June .... 10k n* 
in time .... 2 44 W. 

Greenwich, June 2 . . 1^1 1 


lad . . 4^ 

XSk . t 8 ’> 

4 45 


Sttu*'* R. A. 10^ 
SiM’eded, 11 41 


Har. |»x. 

lad, mid. 14' 4r. IS 

4 N. aid,aaoa 14 47 . M 15 

1 a 

Cor. . 0 0 


14 41 
14 IS 


64 n 





m 


SiMnahitadk. 1lMk^alil»a4e. OWemtl dU<t««r«. 


Obaalt. . 

KP 91* 

40* 

Okaalt . 

«• Ur 

CP 

T9* 90* Jirp 

latex eer: . 


9 

JO — 

lateseor.. 


4 

10 — 

latexeor.. 9 lO— 


» 

IT 

so 


m 

6 

to 

T9 9T 90 

Wp . . . 


4 

14 — 

Wp . . . 


4 

94^ 

8eml. . . 14 S9 

A9p.att . 

15" 

18 

98 


»r 

t 

98 

App.«lht . 79 a 10 

Cor. la Alt. 


f 

jr- 

Semt. . . 


14 




»" 

10 

49 

Ap|i.alt . 

«r 

IT 

99 

A«K MX. a. 


90 



Cor. la Alt 


44 

84 

. ... 00 U 14 

4H . 

69 

"S’ 

11 






90 

. . . , 7 





32 9 10 

90 

00 16 21 


Zea.4ist . 

67 or 44 



Ih find tihip mean time. 

A 

Star's decliiMitbn 

. 12* 

42^ 

4’’N. . Sec.. 

. 0*010766 

Latitude . . . 

. 60 

50 

0 N. . Sec. . 

. 0*199678 


38 

7 

56 


Star's xeaith dist. 

. 69 

49 

11 


Bum 

. 107 

67 

7 . . 4 hav. 

. 4-907823 

Difference . . . 

. 31 

41 

16 . . 4 hav. 

. 4*436180 




Hav. 

. 9*664344 


Star’s hour angle . . . 

4^ 64*n« 


Star’s right ascension . 

10 0 20 





14 64 31 


Bight asem. mean sun . 

4 46 29 


Ship mean time ... 10 0 2 
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Ih find Gmemnek mem 
69* 4y ll" YnOnm. 


Stir's Mil. dial. 

09* 

49' 

11’ 

sen: dia. 

67 

67 

ii 


127 

46 

65 Ten. 

Star'a app. all . 

20" 

18' 

26’ 

Moon a app. all 

31 

17 

22 


61 

30 

48 

Aux. ang^a A. . 

60 

15_ 

21 

Bom .... 

111 

46 

0 vara. 

Dilfarenoe . . 

8 

44 

33 vers. 


81860 


131 


28468 


66 


12447 


212 


70828 


41 


11694 


24 


99682 


464 


464 




00146 . 

72" 

38' 

4" 

127 

72 

19 

85 at 

19 

73 

49 

27 at 

M2648 


13 

29" 

•30167 

1 

29 

i? 

•82381 

. O" 

27- 

0* 


OrMowich mean time . 12 27 0 

Ship moan time . . . 10 9 2 

Long, in time .... 2 17 58 

Longitude . 34" 29' 30” W. 

(208.) Jftu. 8, 1851, at 7^ 0“ p.m., mean time nearly, in 
lat. 60^ 4)0' K., and long, by account 4P E., the following 
lunar was taken : — 


45" 20^ 10" 30* 30' O” 71" .31' 10’ 

Index eor. 2 20 — 2 10 + 3 30 — 

The height of eye above the sea w as 18 feet ; required the 

longitude. Ans., 3® 4:6' 30^ E, 

(20*1!.) Jan. 9, 1851, at 7** 50"* p.m., mean time nearly, in 
lat. 49*^ 40' N., and long, by account 10® E., the following 
lunar was taken : — 

ou, dlirt. P. L. 

87* ly 10" 81* 5(y 10" 108" 20' 0* 

latecor. 1 10— 1 20 -h 1 80 + 

The of ^6 above tbe sea vat 18 feet; required the 
fengitode. Ana., 10° 19' 16* X 



LOilOmiM Its 

(205.) ApfrO 18, 1850, at 9^ 40* p.¥., mean time nearly, 
in kt. 58^ lO^N., and long, by account 28*^ £., tbe Mowing 
lunar was takmi :— 


Ob*, alt m VirRini* 
B.ofamWM. 

19* iO' 0" 

fii4ex cor. 1 10 -f* 


Oba. alt BUMM’aL. 1.. 
48* 40^ iO" 

1 20 + 


Oba.dlatr. L. 

or $(y 20’ 

0 80 ~ 


The height of eye above the sea was 20 feet ; required the 
longitude. Ans., 28® 8^ 80" E. 

(206.) April 17, 1850, at 8** 45® p.m., mean time nearly, 
in lat. 61® 20' N., and long, by account 5° 10' B., the fol- 
lowing lunar was taken : — 


Ob...U.«oon-.L.L. 
18* 15' 30** 36*^ 25' 10’ 

Index oor. 1 10 + 1 20 — 


Obs. dist. F. t. 
105" 33' 28 ' 

0 20 -f 


The height of eye above the sea was 20 feet ; required the 
longitude. Ans., 5® 8' E. • 


(207.) November 17, 1847, at 2^ 50® a.m., mean time 
nearly, in lat. 44®^80' N., and long, by account 121® E., the 
following lunar was taken ; — 


<»b*. alt. « Arietio 
W. of marldlau. 

29* 58' 10’ 

Index cor. 5 30 + 


Oba. alt. nioon'ii I.. L. 
.32" 20' 30’ 

2 10 — 


Oba. (Hat. N.L. 
58’ 80' 20' 

2 15 — 


The height of eye above the sea was 20 feet ; required the 
longitude. Ans., 121® 5' 46" E. 


(208.) March 20, 1845, at 7** 50® p.m., mean time nearly, 
in kt. 40° 60' N., and long, by account 1° 80' E., the follow- 
ing lunar was taken : — 


Oba. alt Aldebann 
W. ofiuarldian. 

37" 4' 30" 

Index cor. 2 4 — 


Oba. alt moon a I.. L. 

38’ 17' 20" 

1 5 + 


Ob«. diat. N. 1.. 
75’ 15' 10" 

0 20 -f 


The hei^t of •eye above the sea was 20 feet ; required the 
lon^tude. Ana., 1® 84' 80" E. 







Almmae, 


V^um.mnL99H. UmifnwmL ftm.vn. 

Om.» , tS^ 9»4S^ . Momi 14' 4S^ . M* 21 *8 Stai'clLA,. 4^37* S2T 

< Mid. 14 a2 '0 . 64 3S ‘S Ster'Mdecl. . 16» 12' 13 K. 

Dlitonoi «t 6 bourn, 71^ 1' 67" ; at 9 houn, 0B^ SSt 16*. ^ 

daii.9 . 19 18 42*27. Noon 14 66*8.64 47*2 Star'* R. A. . 7»» 86* 12* 

MM. 16 0*2.66 8*6 Btar'a dael. . 28P 22* 49^ N. 

Dlataoce at 6 hour*, 10.3' 8* 4 ' ; at 9 hour*, 101* 87' 61". 

AriU is t 44 68 *e2 . Noon 16 8 *8 . 6i> 1.6 *4 Star'* R. A. . IS^ IT* 19* 

Mid. 16 8*7.69 14*8 SUr's deal. . 10> 22' 4S« 8. 

Pittance at 6 beura» 92* 10' Kl" ; at 9 honn, 90’ 24' 32^. 

Aprttir I 41 2 *07. Noon 16 8*2.69 18*1 Star'* R. A. . 18^ 17<* 19* 

Mtd. 16 8*7 . 69 14*9 Star's dod. . 10*22' 4.r 8. 

Piatanoe at 6 honn, 106' 16' 11"; at 9 hours, 104* BO' 26'*. 

Not. 18. 16 39 44 *60 . Noon 10 2*1.68 .W -Q BUK* R. A. . P 58- 88* 

Mid. 10 7 .60 10-0 Star** dec). . 39' 44' 30" N. 

Pittonea at 21 hour*, 50* TT 26 - ; at 0 hour*, 48' 44' 88*. 

Mar.20 23 61 80*11 . Noon 16 12*2.66 47*6 Star'sR.A.. 4»S7*8* 

• Mid. 1.3 17*4.60 «*7 SUr"* dcri. . 1C® U' BOr* K. 

Phitanco nt 6 bourn, 74* T l*-t " ; «t 9 hours, 75"* 42" O'. 
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Buie LIIl. 

Skip fnenn time obtained from moon^s altitude. 

Objects obserrcd, moon and star. 

Tbit differs very little from Rule LI., p. 217. 

1. Get a GreenMnch date. 

2. Take out of tbe Nautical Almanac and correct for 
Greenwich date the following quantitios :—Rigbt ascension 
of mean sun ; moon’s right ascension and declixtation ; semi* 
diameter, and horizontal parallax. 

8. Correct the star’s altitude for index correction, dip, 
and thus get the apparent altitude : fh>m the star’s apparent 
altitude aubtract refraction; the result is tbe true dtitude^ 
'whidi take from 90^ for tbe star’s true zenith distance. 

tHien proceed as in 4, 8, Ae.., p. 217. 



Sk^ mean time from jphmi '9 Mtude^ 

Objects obaerred, mooa and planet 

1. Get a €hwnwich date. 

2. Take out of the Kautical Almanac and correct for 
Greenwich date the following quantities : — Eight ascension 
of mean sun; planet*8 right ascension and declination; 
planetV horiaontal parallax (if great accuracy is required) ; 
moon's semidiameter and horiaontal parallax. 

3. Correct the planet’s observed altitude for index correc- 
tion and dip, and thus get the apparent altitude ; from the 
apparent altitude subtract the refraction and add the 
parallax in altitude (usually neglected, being very small) ; 
the result is the planet's true altitude, which subtract &om 
90® to get tbe true aenith distance. 

4. Correct the moon’s altitude as in 4, p. 221, 

6. Get the auxiliary angle A as in 5, p. 221. 

6. To find ship mean time ns in 6, p. 221, using planet’s 
declination and right ascension instead of star's. 

7. Then proceed as in arts. 8, 9, p. 211. 


BXAUPIX 


September 24, 1849, at 7** 50"* p.m., mean time nearly, in 
lat. 47® 50’ N,, and long, by account 2° 30' W., tho following 
lunar observation was taken : — 


Obs. Saturu 
£. of meridUn. 

la* 55^ 0" 

Index eor. 3 6 — 


Obf. att. noon's L. L. 
15" 30^ dfi” 

3 10 — 


Obi. dUt. r. L. 
89’ 51' 86’ 

3 0 + 


The height of eye above the sea was 20 feet ; required t)ie 
l(»i|^tiide. 

Ship, Sept 24 . . . . ^ 50» 
lioog. in tune . . • . 10 W. 

Qreenwicli, 8»pt 24 . .80 





ly^TTtTrr -in in 


FtSMftriglltMMA. 

n4 ieiitaitlini 

U(h . . . t9h1t»48*’4 

Mb . . 04 11*80^ 

, . 


0 * 81' I 8 *g. 

«► . . t 1»^ 

1 

0 it ai'O 



.0 88 17 8 * 

11 14 T-1 


17*2 



.1 64 


Cor. . . . 6-0 

Cor. . . 

88 

PliMi*ihor.p«r> 1 N>. 


0 81 44 



0 at 18 . 



llMa'aliOT.par. 


Moon’i oMi. 

OlM.41gt . 81' 61' 80* 


Noon .... 64' 18*6 



. 14' 4«*e 

tia4«c Mff. . 8 0 4- 


Mid 54 16*8 



. . 14 47*8 

to 64 88 


*•6 



0*7 

fiwA.. . . U 61~ 


Cor.. . 1*7 

Cor. . . 

0*6 

Aiip.4lst. . Ml ae 45 


M 15*3 



14 47 *1 




Aog. . 

8*9 






14 61 

PlMMt'ii alUtitde. 


Moon'i altitude. 


Obi. alt . .16“ 56^ 

0 ^ 

' Obs. alt . 16“ 

8 (V 

45" 


111 . cor. . . 3 

6 

— In. cor. . . 

3 

10 — 


16 51 

55 

15 

27 

35 


Dip . . . 4 

24 

— Dip . . . 

4 

24 — 


App. alt. . .16 47 

31 

15 

23 

11 


Refr .8 11 - 


Semi. . . 

14 

51 + 


Par. 14- » 

10 

— 15 

38 

2 

Angle A. 

10 44 

21 

Cor. in alt. . 

48 

36 . 

.60“ r 29" 

90 




14 

2 

Zoti. diit. . 73 ^7t 

39 

10 

26 

52 

0 



90 



60 7 31 



Zen. dist . 73 

33 

8 



To find 9 hip incan time. 



LoUtode . . . 


47“ 5(K 0 -N. . 

Sec. 


0*178090 

Doolinatioa . • 


0 32 1 S. . 

Sec. 


0*000019 



48 22 1 




^itbdiaU&oe . 


73 16 39 




Ban 


121 37 40 

4 bar. . 

4*941037 

Diffarauce . . . 


24 53 38 

4 bar. . 

4*333480 




Hav 


9447626 



Hour angle . . . 


. 19^ 

44- 16* 



PlanoVi aacen. . . 

0 

21 14 





20 

6 0 



BiC^t osooL mein sun 

. 12 

14 7-2 



Sbin mean time . 


. 7 

51 m 



i/orastoM BT Lijiuju 


Hbfind ijheemsi^ Mean tim». 


Zenith diet . 

. 73* 


89’ 

Zenith diet . 

78 

88 

-i 


146 

48 

47 vera 

App alt . . 

16* 

47' 

81’ 

App sit . . 

‘ IL 

88 

2 


32 

25 

88 

Aux. angle . 

* iL 

7 

31 

Sum . . . 

. 92 

33 

4 vena. 

Difference . 

. 27 

41 

5S verH. 

App. diet . 

. 89* 

39' 

45’ 

Auz. angle . 

. 60 

7 

31 

Sum . . . 

. 149 

47 

16 vers. 

Difference . 

. 29 

32 

14 vera. 


VentuM. 
86764 . 

. 126 

44491 . 

19 

14471 . 

. 130 

64128 . 

. 89 

29981 . 

88 

89985 . 

. 847 

847 


90182 . 

89* 2ff 6" 


_110 

90 

26 

SO at 6 hours 

22 

88 

57 

Jk 

•47412 

1 

0 

25 

•80877 

1 

29 

26 

•17085 

2" 

1* 

86* 


6 


Oreenwioh mean time .8 1 36 

Ship mean time . . . 7 51 58 


Long, in time .... 9 43 W. 


Longitude . . 2“ 25' 45’ W. 


Lofigitude hy lunar, — Altitudes calculated. 

To find ship mean time. 

The error of the chronometer on ship mean time it found 
a little before or after the lunar distance is taken. For 
this purpose the obserrer selects any hearenly body whose 
beari^*'j8 nearly east or west, so that the error in the 
altitude m&jl^TodvLce the smallest error in the resulting 
hour angle (see Kule XLUI.) Then the time being noted 
by the same chronometer when the distance is taken, ship 
mean tune is known at the same instant, by applying the 
emr finn»d 1^ the abore observation. 





Mule I»V. 

Objeeti observed, moon and stars. 

1. Get a Greenwich date. 

2. Take fh)m the Nautical Almanac and correct for the 
Greenwidi date, the following quantities: son^s declinstioti, 
equation of time and semidiameter, right ascension of 
mean sun. Moon*s right ascension and declination, moon^s 
semidiameter and horizontal parallax. 

8. To find the eun'u hour angle. 

To the time shown by chronometer at the obserration 
apply the error of chronometer with its proper sign, and 
thus get ship mean time; to this apply equation of time, the. 
result is idnp apparent time, and also the sun's hour angle. 

4. To ealeulate the tun' a altitude. 

Under the latitude* put down the sun’s decimation, take 
the sum if the names be unlike, but the difference if the 
names bo alike; call the results; add together constant 
log. 6 301030, log. cos. latitude, log. cos. sun’s declinatioii, 
and log. haversines sun’s hour angle, reject 30 in the 
index, and look out the result as a logarithm, and take its 
natural number to the nearest unit. 

Add together this natural number and the versine of the 
quantity e found above : the sum is the versine of the 
sun’s true zenith dittanee, which find in the tables and 
subtract from OG’: the result is the sun’s true altitude. 

To find the tun't apparent altitude. 

To the altitude just found, add correction in altitude 
(fbr parallax and refraction) the result will be the sun's 
apparent altitude very nearly .t 

* 'Whio grssfc soetmioy is requirsd, tbs iatiiods sad homoatkal. 
psrsUsa ^dioiUd be coi*reeted for the spberotdsl figum of tbs osrtb. 

f In sttkitnass tba tnble for correction of altitude ought to have 
been sntaied with tba apparent altitude, instead of the tasa to gal tlis 
boKvaelioa la altitude ; but Uta above is fulINMhr eorrssiL 





smt calooxjltbd. 

5. Sb^fimd ike moon'i kmr 

To nglit aaoension mean aim add ship mean time, and 

fhom the sum (inmaaed if neoessaiy by 24t houre), subtract 
the moon's right ascension ; the result is the moon's hour 
angle (rejecting 24 hours, if greater than 24 hours). 

6 . 2b find the moon'e true attitude* 

Under the latitude put the moon's decimation, take the 
sum if the names be unlike, and the difierence if the names 
be alike, call the result v. Add together the constant 
quantity, 6*801030, log. cos. latitude, log. cos. moon's 
declfoation, and log. haversine of moon's hour angle, reject 
30 fW>m the index, and look out the result as a logarithm, 
and take its natural number. To this natural number add 
the versine of the quantitjae, found as above ; the sum is 
the versine of the moon's true zenith distance, which find 
in the table and subtract from 90° ; the result is the moon’s 
true altitude. 

2b find the moon*s w^arent altitude* 

Consider the moon’s true altitude just found as the 
apparent altitude; enter the table with it, and take out 
the correction in altitude thus approximately ; subtract this 
correction from the moon’s true altitude, and thus get the 
moon's apparent altitude nearly. Then enter the table 
again with this corrected altitude, and thus take out the 
correction in altitude more exactly ; subtract this correction 
from the moon’s true altitude, and the result will be the 
moon's apparent altitude very nearly. 

Take out at the same opening of the table the auxilian' 
angle a. 

Correct the moon's semidiameier for augmentation. Then 
proceed as in arts. 6, 8, 9, p. 211. 


August 19, 1843, in lat. 60° 48^ N., and long, by account 
W., wb^ a chronometer showed 11** 10“ 19^8 a.m.. 



the obaerved diataace of the nearest limb of the aim and 
moca^ was 76® 51' 26*, the error of the chronometer on 
ship mean time being fast 7^ 29**8, and the index correction 
V 55* >4* ; required the longitude. 


Saii*a dteliMtkm. of tfaiMk 


TtaMbfdtfo. . . 

11* 10- 

18th . ir> 16' 

12*N. . . 8-4a^iab. 

Error cfeluo. . . . 


7 80*8 fiut 

19th . 12 66 

JtTN. . . 

90*1 

eUp iDMkii time . . 

83 

8 50*6 

40 

85 

18*1 

Le«f . to ttuM . . . 


4 84 ‘OW. 

•01609 

•01089 


Otom. date, Aa^. to 


7 

■64602 

2*91616 


aMp eve . . 

28* 

2-50>*8 

•66381 30 

6 2*03244 

lae 

Eqaa. of time . . . 


8 flO'dlub. 

IS 64 

17 N. 8 

30’6 

aon'e bonr angle . . 

28 

60 19*9 

gon'i Mmi, . 16' 40'^ 



a 


Moea'ik right u<«n. 

AHlht ksem. ni 

«u 

•u. 

Mom’* dedie. 


f8th at 88* . . 4* 87- 87* 

l«th. . . 9* 

44- 48'*28 

28^ 43' 

IITK. 

„ 24 . . 4 20 41 


8 

36*84 

23 48 

27 R. 

2 14 



1*14 

0 

14 

•08306 

9 

48 

26*80 

■93806 


1*^> 

OhIpM.T. 28 

2 

60*50 

2*41018 


8*36226 0 16 

.32 

61 

18*70 

8-84888 0 

2 

4 *27 4:1 

M. a R. A. 4 

27 

48 0 

28 43 

16 N. 

M.sH.A. 4 

•A3 

33 TO 




Moon's Mini. 


Moon's hor. par. 

18ih, atmid. . . 

14' 

59"-7 . 

65' l-S 

latti, at noon . . 

16 

4 -5 . 

65 19*1 



4 *8 

17 '3 

‘0SS21 



•03321 

8*mi8 



2*79538 

388539 


4-4 

2*82859 16 *0 


15 

4 *1 

66 17*8 

Ang. .... 


8 *2 


Moon’s somi . . 

15 

12 -3 




8u^>2^juu*-^juunTfiBBs 


m 


Ih ealeulate ntn*# dUUude. 

L«titod« . . . fiO” 48' 0-K. 
don’s deolination 18 54 17 N. 

86 53 43 V. 


Const log. 6*801080 

Cos. l*t 9-800787 

Cos. ion’s dec. .... 9*987085 
Hit. sun’s hour angle . 8*240938 

Log. 4*829790 

Nat No 21369 

Vers. t. 0200141 

124 


Vers, sun’s sen. diet . . 0221634 
574 

60 


dun’s zenith dist 

. 38® 
90 

53' 

20" 

Sun’s true alt . . 

, 51 

6 

40 

Cor. in alt . . 


0 

41 

Son’s app. alt . . 

. 51 

7 

21 


Anx. angle A. 

60® 16' 4' 

4 

3 

60 16 11 Arc A. 

Observed distanee 
Sun’s semi. . . . 
Moon’s semi. . . 

Apparent disiaaoe 


eakuhte mooiC* aUUude, 

Latitude ... 50* 48' 0*N. 
Moon’s dec. . . S3 43 15 N. 

27 4 45 P, 

Const log. 6*801030 

Coe. let 9*$00787 

Cos. moon’s dec. . . 9*961832 
Hit. moon’s hour ang; 9*470952 

Log. 5*584551 

Nat Na 842418 

Verar, 0109522 

99 

Vers, moon's sen. diet 0452034 
1950 

84 

Moon's zenith dist. . 56® 46’ 21 
90 

Moon’s tnie alt. .. 33 13 39 
Cor. in alt. ... 48 42 

M,’s app. alt. nearly 32 20 67 

44' 58* 

W 

True cor. in alt . 45 3 

Moon's true alt . 33 13 80 

Moon’s app. ait . 32 26 86 


. . 76* 61' 26* 
15 49 
. . 15 12 

.. 77 24 22 



fMi- anr jmaMi/--aa!mnm awamami 


To find Oreemeieh mean time. 

Tcontaak 


fivmVssiMaisk . 

88? 

58* 

28- 

Xoopi's seatth dist. 

58 

48 

J1 

Sum 

95 

39 

41 V. 

SunVapp# alt. . . 

51 

7 

21 

Mooa't app. alt. . 

32 

28 


Btm 

83 

85 

67 

Ate. A 

80 

18 

11 

Sum 

143 

52 

8 «. 


23 

19 

48 V, 

App. diti . . . 

77 

24 

22, 

Ate A 

80 

18 

JH 

8«m 

137 

40 

33 V. 

DUfiBrooco . . . 

17 

8 

11 V. 


98451 . 198 
07847 .28^ 

81880 . 86 
30239 . 108 
44378 . 16 

71384, . 434 

Tnwdiirt. 

71818 ... 78* 48^ 38'/ 

649 77 48 5» a4 21^ 

■~1W 76 24 8 

•47436 . 1 0 28 

•32819 . 1 24 56 
•14817 . 2^ 7* 68* 

21 

. 28 7 68 

. 23 2 50 

6 8 


Qreeawicb mwui time 
Ship racou time . . 
Longitude in time. . 


Longitude . 1** 17' W. 


(209.) September IG, 1943, in latitude 60® 48' N., and 
long, bjr account, 1® O' "W,, when a chronometer showed 
9h 34 » X.M,, the observed distaneo of the nearest limb 

of the sun and moon was 96® 26' IS", the index correction 
being. 4- 1' 82*, and the error of chronometer on ship mean 
time being fast 7"* 69*, required the longituda 

Ana., 1® 86' 80" W. 

(210.) October H 1848, in lat. 60® 48' K., and long, by 
anOQuni 1® O' W., when a chronometer showed 9^ 58>» 67**1, 
A.M., the observed distance of the nearest limb of the sun 
and moon was 114® 68' 22*, the error of the chronometer 
being slow B*' 27»* and the index coirection 4- 1' 
required the longitude. Ans., 1*^80' 80* W* 

(211.) October 16, 1848, in lat. 60® 4S* IT., and long, hy 
aeeount 1® 6' when a chronnmetnr abmd 9^ 68* 9^8 
the observed distance of tiie nesrsat limb of the sun 



and moon waa 9P 45' $8*, the error of the chronometer 
being slow 8**26**5, and the index coirection 4- 1* 30^ 
leqtnred the Umg^nde. Ans., V* 31' 30*’ W. 

(212.) Angueb 17, 1043, in lat. 60» 37' 80* N., and 
long, hy aeoount V & wheb & chronometer showed 
l(yh 42» 28»*7 the observed distance of the nearest 
limb of the atm and moon was 90^ 22' 85^ the error of 
the chronometer on ship mean time being ihet 7"^ 44”, and 
the index correction + 1' 55" ; required the l<»gitude. 

Ans., PirW. 

(213.) May 25, 1843, im lat. 5(P 48? N., and long, by 
account 1® O' *W., when a clironometer showed 11** 19* 15»1 
JLH., the observed distance of the nearest limb of the sun 
and moon was 42 ® 48' 48"*3, the error of the chronometer 
on ship mean time being slow 3® 29 ** 7 , and the indfex cor- 
rection + 3' 30 ; required the longitude. 

Aus., 5' 45* W. 

(214.) May 25, 1843, in lat. 60® 37' 30" N., and long, 
by account I® 6' AV., when a chronometer showed 4™ 12*'2 
a.v., the observed distance of the sun and moon's nearest 
limb was 43® 1' 3", the error of chronometer on ship 
mean time being fast 12*“ 53**5, and the index oorrection 
4- O' 57" j required the longitude. Ans., 1® 33' W. 


BUmenU from Nautical Almanac, 

Sai^tdadlMUoii. IqMtioairfUmr. 

Seiitlft . 8*11' 28 N. . . . 4^i^»dA .... 180* . U* 38» 

„ IS . 2 4S i» . 8 8*8 

l5th,U21»' . 4*' IW . 28® 46* 8»"« . Mid. . li' . 54^ B(Mt 

„ t2(> . 6 1 »‘7 . 28 47 9*0 . Noon . lA 2’S . 56 18 *1 

DbtuMeM2l boon, 96® 42' ir; at noon, 90® tf^ 6W. 

IMbdMdtoMtaib. MMOMM'itliklMfMn. 

OcLlf . 7* 89 ITS 18«8eOnda. . . . . 18tk . 

„ 14 . 8 0 40 H 13 50 *2 

MoMTotlStawow. Moa^oMbi. tfowiroNMl. Ibr.for. 

JSDvstSS* . 6^40" I**! . 28® 21’ 2rN. . MM. . 14^ 37**8 . 59 

„ 113 . 3^ 42 149 . 29 19 43 N. . Mom . 13 2*1 . Si 109 

iHrtwMAieiipvttr sroTi 



tjoxmjkim* 

nmfihOiatiatn. Ztflttimtttlam. ]|««i[«ta^ift||y^M(te«. 

•Oefett , ...!♦■ »*8ftdd . . . . l«b . I8k88««^ 

„ 1« . % 4fi 1S^«. . . . U 1»8 
' : «■!?*■. ]|oeii*sMlB. Xow’tMml. ll«r.|i|W. 

, 7^9^ea>^ . t»* 46- ••K. . MkL .Ifi- 18-0 . JSr 8*7 

„ 18^ , 7 S9 11*9 . 18 , 87 45 K. . ^eon . 15 84 3 . 55 »1 

I>lMuMW«tnboQn,«ri7'48«' ; at noon, 80' 88 ST'. 


8wirft40dla«ti(». SyuHoB^tlnc. lfon«Mr«riK)rtMM|i. 

•Otftte , 18* 88 il-K. ... 4'» 7*OMib 16U» . 9^ «e* 80^18 

» n 18 84 84 N. . . 3 56*8 


MoMToflgktMeM. X«m’«4m1Ui. Moan'* mmL 

. 2* 42* 86» . 19k40»85»N. . MM, . 14* 4r'-5 
^88^.844 89 .10 47S8N. . Noon .14 49 '5 

DUtftaee at 81 bonrf, 88* bO' r ; ftt noon, 88* 37' ir. 


llor.pur. 
54' l»-8 
54 84 -8 


Sott** 4fdliuitloa. of time. Mmb mo'* rt^t mmoh. 

Oct 84 . 90* 42' l(r-a N .> 3(^9 add . . . . 24tli . 4^ 6- 44»at 

„ 23 . 90 53 16 *6 N 3 25 *8 

Moonf* OMOB. Moo«*i drrlla. Uooft'awmi. Her. p«r. 

34th, at 83^ . Ik »• dS*!! . 19*88' Ib'-S . Mid. . 14' 44 '•8 . 54' r*8 

„ 8lk . 1 10 86 •Oe . 12 49 47 -9 . Noon .14 45 *7 . 54 10 '8 

Diatance at 31 houra, 44* O' 68"; at 0 hours, 42* 38' 15' . 


Mle LVI. 

Longitude hy lunar. — AUUudee calculated. 

Objects observed, moon and star. 

1. Q-et a Greenwich date. 

2. Take from the Nautical Almanac, and correct for the 
Greenwich date, the following quantities : star’s declination 
:and star's right ascension, right ascension of mean sun, 
moon’s right ascension and moon’s declination; moon’s 
somidlameter and moon’s borisontal parallax. 

B. To find etar'e hour angle. 

To the right ascension of mean sun add mean time at 
ship,* and from the sum subtract the star’s right ascension; 
the remainder is the hour angle of the star. 

* Ship wem tims U iband by «a of a liwvoiity body tebsa 

a IxftUo bsibro or tte the Itmsr as dinetod, p 2 SS. 



VUM XUNA3iU'^41«mi!DX$ OALCf^TXA. 

4« Ibjktd tie moem'e kattr tmgie. 

From the tame sum (viz. rig^t ascengioii of mean sun 
and ship mean time) subtract the moon’s right aaeouion *y 
the xemainder is the hour angle of the moon. 

5. lb ealeulate tie etar^e trt§e eifUude. 

Proceed as in 4, p. 230, using the star’s dedination 
instead of the sun’s. 

To find ttar'o apparent altitude. 

To the true altitude just found add the re&action ; the 
result is the star’s apparent altitude. 

6. To find the moon^e true and apparent cltUude proceed 
as in 6, p. 231. 

7. Proceed then as in former rule (arts. 6, 8, 9, p. 211). 


EXAMPLE. 

May 16, 1842, in lat. 50° 37' 30" N., and long, by account 
1° 6' W., when a chronometer showed 10^ 39“ 26* P.M., 
the observed distance of the star o Virginia from the moon^s 
farthest limb was 64° V 50", index correction + 0' 40*, the 
error of the chronometer on ship mean time being fiist 
4“ 14‘ ; required the longitude. 


Tim© St rhro. 10^ 39- 8(P 
Error of ehro. 4 14 
Sblpm.tiiDe. 10 30 U 
Long. In tlmo 4 94 
Gr.Mnyie . 10 39 as 


SUrt hour •ngk> 


•upa dcfUmnisfl. 

10* ao- ss' s. 


istb . . . s^ as- 9»eo 
1 W8S 
6 <40 


RiaPt rtcbt tMVQ. 

13* l6-fi6**7l> 
14 12 6 -06 

0 66 10 -36 


Moon'a Itour nogln . 


3 

as 

S4<0S 

10 

ss 

ttH)0 

. 14 

fS 


9 

19 

99*9 

. 4 

m 

N-07 


Moon'a rislu Mctn. MoM*a4crlia. Moan'aMail. Mor. ptr. 


leU^ »t 10* 9* is- 9*-»» 

„ n* 9 SO S4 

13“ 

13 

25 ITN. 
11 47 K. 

Noon . 
Mid. . 

w 

18 

T'-O 

8-1 

59^ 8^ 
S9 12-8 

2 14-80 

•18040 

1-429910 

•ISMR 

-84997 

13 28 

'MISS 

eoeeae 


1 *1 

4-1 

•ostss 

8*48064 

t-sosas 1 80-09 

-89043 

s as 

A-oam 


JjO 

8-4T9<y 8 -a 

9 19 89-98 

19 

10 UK. 


IT 

S-0 

oiTw'i 


Attg. 


li 13 -a 



To isaktitlaie gtar'o aUUuie. To ealeuUtie moai^i tHHhde* 

IM mAt . . . 50* W S0*If. L«tlt«d« . . . 50* Sr S0*K. 

fifelv’idedUottioii 10 20 25 8. MooA^dea. . . m 10 SI »♦ 

00 57 % 57 M » V, 


Constlogr . . 


6*801080 

Const, log.. . . . 

. 

6*801080 

Cos.lat 4 . . 


9*802859 

Cos. lat . . . • 


«-802!tl» 

CSoa. etai^s dee. 


9*992887 

Cos. moon's dec. . . 

, 

9*988095 

Ear. itat'a'hour angle . 

8*158880 

Hav. moon's hoar ang. 

*9*549884 

hog 

. 1 . 

4*255106 



, 

5*641868 

EaiKo,. . . 


17993 

Nat No. ... . 


487892 

Venine v. . , 

. . . 

0514427 

Vers, . . . . 


0205056 


r 

282 



26 

Ven. sterns sen. dist 

0582652 

Vers, moon's sen. dist 

0642974 

Star's sen. dist 

. . 62* 

8' 16" 

Moon's aenith dist 

69® 

4* 56" 


00 



90 


StarHi 4me‘'ali 

. . 27 

51 44 

M's. tr. alt (nearly) 

20 

55 4 

Oor.'Inali 

. . + 

1 50 

Cor. in alt. . . . 


52 86 

Star's 1 ^ alt. 

. . 27 

53 34 

Ap. alt. (nearly) . 

20 

2 28" 

Anx. Ang. A. 




52' 48" 

60* 

i(y 47" 




5 


1 


True cor. in lat . 


52 58 


0 


Moon's true alt . , 

20 

55 4 

dO 

10 48 Arc A. 

Moon's app. alt . . 

20 

2 11 


Observed distance 

. . 64*' 1' SO" 




IndeK correction . 

0 40 + 






04 2 80 




Mxxm’f ■Koldtenidter . 16 14 


Apparent distance . . t>3 46 16 





IXbJM Ofwmieh mem time. 


9UK(f scsilh dirt. . 

S2* 


WvndMw. 




Hoob'b seuith diet 

49 

4 

56 

58908 . 

44 




Sum 

131 

13 

12 V. 

10676 . 

152 








22769 . 

8 




Star's i|>p. alt . . 

27 

53 

84 

88469 . 

16 

>g 




noon*! app. alt . 

•20 

2 

11 

vAVvO • 





Sum 

47 

55 

45 

5m7 . 

228 




Are A 

60 

10 

48 

223 


Tniadlst. 

Sma 

108 

4 

B3«. 

53000 . 


63" 

26' 

55" 

XHlforence . . . 

12 

15 

3t. 

761 


64 

24 

18 ( 





289 


62 

38 

17 

App. dist . . . 

63 

46 

16 

•49^ 

'12 . 

0 

57 

18 

Arc A 

60 

10 

48 

•23024 . 

1 

45 

56 

Sum 

123 

57 

4 V. 

•20688 . 

!*• 87* 

22* 

Dfiforenco . . . 

3 

35 

28 e. 



9 





Oreeuwich mean time 


10 

87 

28 



i&ip mean time . . 


10 

85 

12 



Loogitude in time . 

. . 


2 

"lO 


Longitude . O'* 32' 30" W. 


(215.) April 20, 1847, in lat. 60® 37' 12" N., and long. 
hy account 1® 6' W., when a chronometer showed 58*^45* 
PtH., the obsenred distance of the star a Loonis iroai the' 
moon's farthest limb was 46° 2* 12", index correction + (H 
the error of chronemeter being fast 3”* 22* ; required the 
longitude. Ans., 0° 65' 45*' W. 

(216.) December 10, 1845, in lat. 50° 87' 80’ N., and 
kng. bf account 1° O' W., when a chronometer showed 
8^ 24" 48*'3 P.M., the obser^ distance of the star Pollux 
from the moon’s farthest limb was 65° 28' SO’, index correc- 
tion 4- 0' 80*, the error of the chronometer on ship mean 
time being 6mt 12" SO^'S ; required the longitude. 

Aiis.,0°44'iy W. 

(217.) April 19, 1847, in lat. 50° 48' K., and long, bf 



aeoo^ 6 ' when a ciironomeier showed 8 ^ 4f3F IB* 
P.IC .9 the observi^ diatuiee of the star Beguhis tern ^ 
morals farthest limb was 59° II' index eorrectidn 
^ BO* , the error of the chronometw on ship mean 
being last 9** 80**4 ; required the longitude. 

Ana., 1° 7' W. 

(218«) September 1, 1843, in lat. 50° 37' 30* N. and long, 
b^ aecount, 1° 6' W., when a chronometer showed 8*^ 2“ 54**4 
n.M., the observed distance of the planet Jupiter from the 
moon*s farthest limb was 64° 19' 57*, index correction 
•f 1' 50* the error of the chronometer on ship mean time 
being fast 2°^ 2**6 ; required the longitude. 

Ans., 0° 35' 15* W. 

(219.) September 6, 1843, in kt. 50' 48* N., and long, 
by account 1° 6' W., when a clironometer showed 8° 52' 89* 
p.K., the observed distance of the planet Mars from the 
moon's nearest limb was 45° 11' 23**3, index correction 
+ V 60*, the error of the chronometer being fast 4“ 47*'4 \ 
required the longitude. Ans., 1° 19' 45* W. 


Hlementtfrom Nautical Almanac. 

SMr*i4MUB. SUf'v right MCM. HMBma*# right «M. 

AprUSO . IS* 42' a(rh. . . tOk 0- Ur«5 . , 61« 48KIS 

1l«oa** right MMo. Mooa't d«eUii. Mera’a ae»l. Bor. gar. 

20tli,»tah . (Jh 61- . 17» «► 6t"N. . Noon . 16* 88-7 . Ut 

9^. 6 6S 16‘8 . 17^ 86 40 N. . Mid. . 16 17 *0 . 66 6*8 

DUtaaoo At 6 hotini, 46^ 61’ ST*; »t 8 houn, 46^ IS 28*. 

SWadedta. fltai'a right aacan. M«a« Mn'a tight am. 

10th . 9B*» SS* STN. . 7‘ 86- 64*'8 . . 1T‘ 16- 17*00 

lloMi*a right MOM. HoM’adMUii. MooVaaml. B«r.|M. 

lOtlhht «► . 64- 10*ae . 16* 40r ear N. . Moon . in' . 68r 

„ 10>> . 8 86 27*74 . 16 47 6 N. . Mid . 16 7*7 . 66 SO’O 

I>UteiM»»*t0lwan,66»12'56"; ht mid, 68* 41' IS*. 

8to|f*4ie|hL Suria right aaoM. Mom Mk’a rightMc. 

10th . U* 40 8(rN . . . 10^ 0- 16*85 1^ 47- 

right oacM. MoM*i4oeUa. MoM*aa«ii. Mao.pkr. 

soiliftt» .6^ ee iino . IS* oar o-on.^ . Nooa . i5‘ 8r*4 . or iO'ti 

„ 0^. 6 80 60*60 . IS 27 IT-BN. . Mid. .18^ 00*0 . 00 064 

IMMMM «t 6 Itottm 00* «r At 0 Imon, 06*. a w. 



TABIAtlOK Of OOlffASS. 

StM'lYiffteMCM. MW» Wi^rfintlWft, 

ut , i3y>4» «*«a. . . ti»^ as-* 8*’i« . . to^ 39. 9^ 

2i>d . 15 48 . . SI sa 85*88 

lto«a‘if(fbt«ie. Moos'* daeliB. Moos'* ami. lfttr,|isr. 

ist,it8^ , mo«3f^ . s'^ra. . Koon . w 54**8 . wr 84"*o 

„ 9** . 17 8 2*3 . 88 66 84*4 8. . Mid. . 16 48*6 . 68 4*6 

DUtsww st 6 hoars, 6S^ 7‘ 44" ; at 8 hoon, 68* 84' 57*. 

Star'a deella. Star's rigiit osmb. Maao ans’a rhtfit aar, 

lith . . 20® 84' 8^6 8 . . 17k 32 » 6**8 . , 10* 65» 4e**18 

6th .. 26 84 29 *6 8. . . 17 84 97 *8 

Mods'* light BBCca. Moon's deelio. Moos'* aami. Bor. |»ar. 

5th, sta^ . 20k 41* 16»*9 , 15® 1* 2*8. . Noon . 15* 18--7 . Dff (Tl 

„ 9k . 20 48 20*7 . 14 50 47 B. . Mid. . 16 11 *7 . 86 46 <6 

Dlstsnoe st 6 houri, 44® 14' 60^; st 9 boiun, 45® 46' 88*. 


OUte variation of the eompasi. 

The deflection of the magnetic needle from the true 
North, or, as it is usually called, the variation of the compa$»^ 
is found at sea either by computing the tnio bearing of 
the Bun from an observed altitude, the compass bearing 
being noted at the time of the obsen'ation ; or, without 
taking an altitude, determining the true bearing of the 
sun when in the horizon, its compass bearing being observed 
at the same instant. The difierence betw'een the compass 
bearing and true bearing thus found is the variation if ihfi 

Sometimes it is necessary to correct the variation of the 
compass determined as above for the deviation of the 
compass itself, arising from the following local causes. The 
iron on board draws the needle to the east or west of the 
magnetic meridian, and this eflbct is greater or less on the 
needle according as the iron is distributed more or less 
unequally on different sides of the magnetic meridian. The 
derriation of the compass due to this cause is discovered, 
previously to the ship going to tea by swinging her roiind 
and noting ^ deflection of the needle from the tnagnetio 
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niundiiaft on different pointt ; a table if then formed eimilar 
to dm one in p. 244, from wbicb the correction of the com* 
piff for different positions of the ship's head maj be readily 
found (see p. 16). The method of determining whether 
the rariation of the compass is east or west will be best seen 
by means of the following examples. 


EXAlfPLSS. 


1. Suppose the true bearing of the sun was found by 
observation to be N. 100^ lOf £., when the compass bearing 
was N. 90^ 42' £. ; required the variation of the compass, 
the ship's bead being N.E. 

Let ir represent the true north point of the horizon, and 
5 8 the true meridian, measure (roughly) 100® lO' from 
north towards east as the angle 
5 2 T ; then T represents the place 
of the son when the observation 
was taken. From t measure back 
towards 5 the compass bearing 
00® 42", as T z c ; then z o is the 
direction of the magnetic needle, 
and the angle 5 z c is the vari- 
ation of the compass, which is 
evidently easterly, since the com- 
pass north is to the east of the true north : hence in this 
example the variation is said to be east : thus, 



True bearing 5 z t 
Compass besring o z t 

Apparent variation. . 


N. 100® W E. 
N. 90 42 E. 

9 28 E. 


Now if the iron on board had no effect cm the needle, 
this would be the true variation, but referring to the table 
it appears that the needle itself is drawn or deieetedlO^ 
to the east, in oonsequenoe of the disturbing effects of the 
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ifoo wlieii tlie direetaon of the ehip*s head is NJfi. : plaemg 
tile 10^ <y B., under the abore 8^ 28' E.» and subtracting we 
hare the true Tariation of the compass corrected for local 
Obviation : thus, 

Obaerred Tariaiiim 9^ 28" £. 

Beriation 10 0^ E. 

True variation . . 0 82 W. 

2. The true bearing of the sun was found bj obser* 
ration to be S. 00° 4^ £., when the compass bearing was 
8. SfJP 10^ £. : required the rariation 
of the compass, the ship's head 
being K.E. 

Let K a 8 represent as before the 
true meridian, draw st, making 
the angle s 2 T, equal to 60^ 42' 

(roughly), then t represents the 
true place of the sun ; from T mea- 
sure back towards s, the compass 
bearing t a c', equal 50° lO', then 
a C' is the direction of the magnetic needle, and the angle 
asc'oTKCcis the observed variation of the compass, to be 
corrected for deviation (if any). 

Thus, 

True bearing S. 60° 42' E. 

Compass bearing 8. 50 30 E. 

Observed variation , . . , 10 82 W. 

Deviation 10 0 B 

True variation 20 82 ET. 

For by the table it appears that the needle, by the effects 
of the iron, is drawn 10° to the eastward ; if there had 
bean no iron on board the needle would have been directed 
10° to the westward of its observed place. Hence may 
be deduced the following rule to find tbe variation of tiie 
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OBmTION OF THE COMPASS OP H.M.a 

{Cttmd ly One local attraction (/ the Ship) for given potitiom of Ae 
Ship's head. 


■ 

IHrMttonor 

Deviation 6t 

THpectlonof 

Deviation of 

Bltlp’s IlMd. 

Compaiw. 

Sbip’a Head. 

Compaaa. 

N. 

2“ 

45' E. 

S. 

3 

ow. 

N. by E. 

4 

67 

a by W. 

4 

20 

N.N.E. 

1 

30 

8.8.W. 

5 

0 

K.E. by N. 

y 

0 

S.W. by 8. 

6 

7 

K.E. 

. 

10 

0 

S.W. 

7 

0 

N.K. by E. 

10 

55 

8.\V. by W. 

< 

27 

E.N.E. 

10 

Vo 

W.S.W. 

7 

50 

E. by N. 

9 

65 

1 W. by a 

8 

20 

E. 


60 

1 W. 

8 

60 

E by S. 1 

. 

! 7 

15 

W. by N. 

; 8 

10 

EEK 

6 

36 ' 

! W.N.W. 

« 

50 

S.E by E 

3 

40 

j N.W. by W. ! 

i 6 

40 

EE 

1 


! N.W. 

L,j.. 

60 

EEbya 

l_o_ 

20 E j 

i M.W.byN. 

! » 

SO 

aa.E. 

0 

66 W. 1 

N.N.W. 

1 1 

40 W. 

abyS. 

2 

20 

1! 


; 1 

10 E 
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JhUe imi. 

Oitem th 0 frwe hearing mtd otMifMMf hetarimg tmd demaihuy 
to find the mriation of the oompn$9, 

1. lEeckon the compass bearing and the true bearing from 
the same point, north or south. 

2. Take the difference of the two bearings when mea* 
sured towards the same point, but the sum when 
measured towards different points; the result is the apparent 
▼ariation of the compass ; east when the true bearing is 
to the right of the compass bearing, west if the true bearing 
is to the left of the compass ; the observer being supposed 
to be placed in the centre of the compass, and looking 
towards the heavenly body. 

Non. — ^The name of the variation, whether east or woei, majr also 
bs readily found by making a figure similar to those in the preoeding 
examples. 

3. If there be no deviation to be allowed for local attrac- 
tion, the above is the true variation. 

4. correct for heal deviation (if any). Under the 
apparent variation just found, put tho correction from the 
table of deviation, with tho oppoeite letter to that given in 
the table. 

5. When the names put down are alike add, putting the 
common letter to the result: if the names put down be 
unlike, subtract the less from tho greater, putting to the 
remainder the name of the greater. The result will be 
the variation of the compass corrected for deviation, and 
tb^^fore the true variation. 


The tme bearing of the sun is N. 117^ 82' R, and eom- 
paas bearing S. 7P W £. .* required the true Tariation. 
The ab^*a head being S.b.R, and thorefim the deriation 
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tijamois or mwtim. 


of isompaM 2® 20^ W. (see Table). The.eoiiipMs 
bearing reckoned from the same point as the true beexing 
is, N. 108° W B. 

True bearing N. 117° SO'B. 

Compass bearing . . . . N. 108 50 B. 

Apparent vaiiatiou ... 8 49 E. 

Beriation 2 20 E. 

True variation 11 9 B. 

Tlie true bearing is E. 10° N., when the compass bearing 
is E. 8° S. ; required the true variation, the ship's head 
being S.W. 

True bearing E. 10° N. 

Compass bearing .... E. 8 8. 

Apparent variation ... 18 W. 

Deviation 7 E. 

True variation 11 W. 

The true bearing is S. 80° W., when the compass bearing 
is N. 108° W. ; required the true variation, the ship's head 
being S.W.b.W., and therefore the deviation hj Table 


7i° W, 

True bearing 8. 80° W. 

Compass bearing .... 8. 72 W. 

Apparent variation ... BE. 
Deviation 71 E. 

True variation ..... 15| E. 


(220.) The true bearing of the sun was N. 88° E., when 
the compass bearing was N. 24° E., the ship's head being 
W. 1 N. ; required the variation of the compass. 

Ana., 28|° K 

The true bearing was N. 110° 42^ W., when tbe 
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eompiti betring im N« 90^ 24' tbe ibip*8 beftid being 
3 J*W. ; reqniind the miaticm of compass. 

Ana., 150 jg. ^ 

(222.) The' tine bearing was S. 48^ 80' W.« when the 
compass bearing was N. 182® 88' W., the ship’s head being 
S.W.b. W. ; required the Tsriation of the compass. 

Ans., 8® 30' E. 

(228.) The true bearing of the sun was E. 20® 20* N,, 
when the compass bearing was E, 82® 45' N., the ship’s 
head being W. ; required the variation of the compass. 

Ans., 21® 15' B. 

(224.) Tlie true bearing of the sun was W. 12® 82' S., 
the compass bearing was W. 2® 10' N., the ship’s head 
being W.b.8. ; required the variation of the compass. 

Ans., 6® 22' W. 

(226.) The true bearing of the sun was W. 80® 10' K., 
the compass bearing was W. 20® 42* N., the ship’s head 
being N.b.E. ; required the variation of the compass. 

Ans., 4® 31' B, 

The variation of the compass is found at sea by either of 
the following problems. 

1. Given the latitude of the ship and the sun’s declination 
when in the horizon, to find the bearing or amplitude. 

2. Given the latitude of the ship, and the altitude of the 
aim and declination, to find the true bearing or azimuth. 

3. Given the latitude and time at the ship and the sun’s 
declination, to find the true bearing or azimuth. 

The compass bearing being observed at the time of 
observation, the difiference of compass and true bearing, 
that is, the variation of the compass, is readily found, by 
the preceding rules. 
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Variation amplitude. 



Let X be the hearenl^ body 
in the horizon. Then in the 
qniuirantid triangle pzx axe 
given p z = colat. p x s coded, 
or polar distance, and zx ss 
9CP, to find the angle p z x, and 
thence its complement x z B the 
amplitude. 

By trig. (p. 68.) 


or sin. decl. = cos. lat. sin. amplitude 
n. amplitude = sin. decl. sec. lat. 


:Rule LVIII. 

1. Get a Greenwich date. 

2. Take out of the Nautical Almanac the sun’s declina- 
tion for this date. 

8. Add together the log. sin. of the declination and log. 
secant of latitude ; the sum, rejecting 10 in the index, is 
the log. sin of amplitude, which take from the tables. 

4. If the body is rising, mark it east, if setting west : 
mark it also north or south according as the declination 
is north or south. 

6. The result is the amplitude or true bduring. 

6. Under the true bearing put the compass bearing, 
and determine the variation of the compass by the preceding 
rule. 


BZAMFLSi 

Sq^tamW l&t 1861, uk 6^ 61- a.K., mtm. tiiDe nat^i 
in b«itn4« 47» 35' N., nd long. 72° 15' W., the son 



vinAjam »r Amaama. if^ 

17 eom|MM S. 13^ 10' K.; nqmnd tiie ririatioa, Um 
• kip’* liead kemg B.lt.8. 

ahinstptis . . . IT' SI- 

Long, in time . . . 4 51 W. 

Oraenwich, Sept 18 . 22 42 


8iui*f dodluUon. 


18th . . . 

. . 2“ O' 

31" N. 

Sin. decL . . . 

. . 8*457103 

IStii . . . 

. . 1 37 

14 N. 

See. Ut. . . . . 

. . 0-189628 


23 

17 

Sin. ampL . . . 

. . 8*e2«781 

*02412 



True beeriog . . 

K. 2" 25' N. 

*88823 



Comp, bearing . . 

E. 12 10 N. 

*21242 

_ 22 

2 

App. variation . . 

. . 2 45 E. 

Deeliikstion . 

. 1 38 

22 N. 

Deviation . . . 

. .7 15 W. 




True variatiou 

. . 2 30 E. 


(226.) May 6, 1846, at 5** 30*“ a.m., mean time nearly, 
in lat. 60° 48' N., and long. 47° 12' E., the sun rose by 
compass E. 2° 10' S. ; required the variation, the ship's 
head being S.b. W. Ans., 24° 21' 80" W. 

(227.) Nov. 14, 1846, at tf* 45“ p.m., mean time nearly, 
in lat. 32° 14' S., and long. 100° E., the sun set by compass 
W, 15° 40' S. ; required the variation, the ship’s head being 
N.B. Ans., 16° 1' 80" W. 

(228.) January 10, 1846, at 6^ 58“ a.v., mean time 
nearly, in lat, 81° 56' N. and long. 75° 30' W., the sun 
rose by compass E. 30° 10' S. ; required the variation, the 
•hip's head being N.Rb.E. Ans., 67° 14' 46" W. 

(229.) March 21, 1846, at 6^ 0“ A.H., mean time nearly, 
in lat. 42° 18' N., and long. 90° E., the sun rose by compass 
E. Xl° 40^ S. ; required the variation, the ship’s head being 
W.b.S. Ans., 8° 20' 16" W. 

(280.) March 81, 1850, at 6^ 0“ p.x., mean time nearly, 
in kt. 4^ Id' N. and long. 124° ‘W., the sun set by compass 
W* 11° 80' S.: required the variation, the ship’s head 
hm§N^. 
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AsniuiH* 

<281.) Bee. ^ ISfil, sfc 7^ 50^ a.ic., mean ixm naa^^ 
in ]|^t 50^ 40' N.y long. 94P W., the eon rtm by 
coiDpaM E. 10^ 42" S. ; required the variatioii of the eonq^, 
tke ship’* bead being N.B. Ana., 67® 20' 45^ W. 


MlemenU from KauHeal Almmute, 


Sim'i dtdlnftaon. 


Msy 5 . . 

16* 

IS' 

22" 

'N. . . 

. 6 . 

16* 

8<y 

22" 

N. 

Nov. 14 . 

18 

13 

22 

a . . 

. 16 . 

18 

28 

64 

a 

Jan. 10 

21 

68 

29 

a 






March 20 . 

0 

11 

87 

a . 

. . 21 . 

0 

12 

5 

N. 

March 31 . 

4 

T 

44 

N. . 

. . 82 

4 

80 

64 

N. 

Dec. 4 . . 

22 

18 

9 

a . 

. . 5 

. 22 

21 

7 

a 


BuU LIX. 
Variation bjf azimuth. 


Oiton the altitude qfthe eun, and the compass hemingy to Jind 
the variation qf the compass. 



Let X be tbeplaoe of tbekeavenly 
body when its compass bearing is 
obserred: then in the triangle 
p z X are given three sides, to find 
an angle, namely pz » oolat. 
px = coded, or polar distance, 
and zx as zenith distance, to 
find the angle pzx the true 
bearing or asimiith. 


1, Get a Greenwich date. 


2. ’Hke out of the Naatieal Alumnae the sun’s dadina* 
tiosi fiir ikk date, and also the fan’s semidiaineter. 



jasmim ioammu. 


m 

8. WioA th« polar distance, by adding 90^ to the dedi* 
nation, when latitude and decimation have diiSsrent 
names, or aubtraoting the dedination from 90^, when 
the latitude and declination hare tiie same names. 

4. Correct the obaerred altitude for index correction, 
dip, semidiameter and correction in altitude, and thus get 
the true altitude. 

5. Put down the latitude under the altitude and take 
their difference ; imder which put the polar distance ; take 
the sum and difference. 

6. To the log. secants of the two first terms m this 
form (omitting the tens in the index) add the halves of 
the log. haversines * of the two last, the result, rejecting 
10 in the index, is the log. havorsino of the true bearing 
or aeimutb, which find from the table. 

7. Mark the true bearing N. or S. according as the 
latitude is N. or S., mark it also E. or W., according as 
the beavenljr body is E. or W. of the meridian. 

8. With the true bearing thus foimd and the compass 
bearing, find the variation of the compass by Buie 57, p. 245. 

KXAXFLZ. 

June 7, 1851, at 5^ 50°^ a.h., mean time nearly, in lat. 
50* 47' N., and long. 99® 45' W., when the sun bore by 
compass S. 92® £., the observed altitude of the sun’s 

lower limb was 18® 35' 20'', index correction + 3' 10*, and 
tl||||^ight of the eye above the level of the sea was 19 feet ; 
re^SKd the Tarijition, the ship’s head being N.E. 

Ship, Junes ... 17^ 60- 
* hong, in time . . . 6 89 W. 

Qrssiiwioh, June 7 . 0 29 


* If tbs stodsBi hsTs BO tabls of havsnbiM, the sa^ p s x, or tnis 
boHriag^ iBsj bo fouad is • aimnsr numsor to that pofstod out is 

pm. 



tH tmn jmumi. 

•■■Bm'n 0|p^4lt 


r*. ; . , 

as* 

48' 

49" N. 15* 

46"* 


w 

20" 

. . . . 

2_ 

49 

J4 W. 

In cor. . • 


s 

JO 4- 



5 

45 


IT 

88 

$0 

1-69597 




Dip . . 


4 

jr 

1-49560 





If 

84 

18 

8-19157 , 


0 

_7 

SemL . . 


15 

46 


22 

48 

56 N. 

App. alt . 

. IT 

49 

59 


?L 



Cor. in alt. 


2 

J1 — 

PbLdlsI.. . 

67 

"JT 


True ait . 

. IT 

47 

18 


Latitude .... 60* 47' O'* . . Sec. . . 0-199108 

Altitude .... 1ft 47 18 . . Sec. . . 0H)28779 

31 59 42 
Polar diet 67 16 4 

Sum 99 16 40 . . iliar. . 4*881898 

Diffcreuoc. ... 35 16 22 . . 4 hav. . 4-481884 

9*586164 

True bearing. . . N. 76° 46' 80" E. 

Compose beonng. . N. 87 24 0 E. 

App. ▼ariatioD . . 10 87 80 W. 

Deviation .... 10 0 0 W, 

True variation . . 20 87 80 W. 

When the ship is in harbour, or in any position where 
the sight of the horizon is intercepted by land, or obscured 
by fog, so that the altitude of the sun cannot be taken, 
the preceding methods are inapplicable. The following role 
may then be used, in which it is supposed that the hour 
angle at the ship is known, or can be found by means of 
the chronometer, or the time at the place. 

Mule LX. 

VariaiUm hy asmuth (hour tmylc letng hnoien). 

Given ike hour anyle at ekiy and the eoaiyyaee hearing^ to find 
ike variation pj the eoMpuff. 

Let X (fig* p. 250) be the place of the hearenly body 
ydiMi its compass b^ng is obserred: ihen in the 
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?£X i»e giTea two tiio indaded angle, to &xd 

one of the remaining anglea: namely, p a = eolat, TX 
s polar distance, and b p x the hour angle, to find the angle 
p B X, the true bearing or azimuth. 

1. Get a Greenwich date. 

2. Tdce out of the Nautical Almanac for this date, the 
equatimi of time and sun’s declination. 

9. Pind the polar distance, by adding 90^ to the dedi* 
na^on, when the latitude and declination have different 
names, or by subtracting the dedination firom 90^ when 
the latitude and declination have the same name. 

4. Under the colatitude (found by subtracting the latitude 
from 90^) put the polar distance, take the sum and difierenoe, 
and the half sum and half difference. 

5. 3b find the hour angle at ehip. 

Correct the time shoim by chronometer when the compass 
bearing was observed, for its error on Greenwich mean 
time, and thus get the mean time at Greenwich ; to mean 
time apply the equation of time to obtain apparent time ; 
under this put the longitude in time, adding if east and 
subtracting if west ; the result will be ship apparent time, 
and also the hour angle if p.m. ; but if x.u. at ship, 
subtract the apparent time from 24 hours, the remainder 
will then be the hour angle required. 

6; Divide the hour angle by 2. Then under heads (1) 
and (2) put dow'u the following quantities. 

7. Under both (1) and (2) put log. cotangent of half hour 
angle. 

Under (1) log. cosine^ of half difference of polar distance 

(2) log. sine. / and colatitude. 

(1) log. sec. \ of half sum of polar distance and 

(2) log. cosec. / colatitude. 

8. Add together the log. under (1) and (2) separately; 
and take out the angles corresponding to each as a 1^. 
tangent. Put one under the oth^, and take their turn, if 
Mpolar distance is greater than the colatitude, or their 
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diibranoeif ibe polar diatozioe laleas than the c o tet itii de; 
the reaiilt iriU be the true bearing of the sun at ibe tune 
olobaenration* 

6. Then proceed to find the rariation as in Buie LVII. 


June 23, 1847, at 10^ 58" a.ic., mean time nearly, in 
h|t. 50^ 48' and long. 1^,6^ W,, when a chronometer showed 
11^ 8“ 87*, the hearing of the sun was observed .to be N. 
178® 10' E,, the error of the chronometer on Greenwich mean 
lime being 0*" 54* fast ; required the variation. 

X^Miton of tlm. deetlMtktt. 


joMsa*t . 

. 9^ se* 

89ad . . 

1- 89^9 . . 

SS* 87' 8l^K. 

hang, tnttnie 

4 + 

83rd . . 

1 48 *64 nub. 

8S 90 G0 M. 

Or. Jane SS . 

. 93 9 


19*98 

92 



01708 


•01786 

CoUt . . . 

»• 19* 0* 

8 92288 



PoLSlft. . 

M 83 0 

2iM0C» 

18 *40 


Stm . . . . 

105 46 0 


1 42*12 

83 87 0 

nuSmoe. . 

87 91 0 



PoUrdirt. 66 88 0 

|«ttm . . . 

OS 08 ao 



iAUbrenee . 

IS 40 80 








(1) 

(8) 

TloMbfohro.. 11‘ 

8- ST'+lSk 

Cot i b. ong. . 10*856578 

10866878 

Eix.«aOr.tii.i 

0 

Mfkot 

Coikiair.. . 9*967611 

Bln. i din . 9978674 

arMnv.flad . 93 

8 

48 

See. 1 lum . . 10*910288 

Come. sum 16066867 

Gq.of tliiit . . 

1_ 

49 mb. 

Tm 11*068367 

Tan. . . .10^96614 

App. ttiM . 88 

i 

1 

88“ 3* 80^ 

64“ 51' 46". 

L^. In Umt , 

4 

84 W. 

64 5t 46 


amp App. tbM 88 

56 

sr 

TrM b. N. 149 55 15 E. 

94 


.. ■ - 

C<NBp.b.N.178 10 0 £. 

Hoar Mif to . . 1 

8 

88 

Variation. 28 14 45 W. 

1 bear onglo 0 

SI 

41 




(282.) April 27th, 1847, at 1^ 10*° f.x., mean time 
nearly, in lat. 50® 48' N., and long. 1® 6' W., when a 
chronometer showed 1^ 15*° 51*, the bearing of the sun 
was observed to be S. 51® 55' W., the error of the durOno* 
mdier on Ghreenwieh mean time being 1*° 18* fisst ; requiied 
the vamtioii. Ans., 28® 48' BT. 
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(288.) Bee. 14, 1847, at 10^ ^ a.x., mean time netiiy, 
m Jet.^ 52® 10* K,, end long. 1® 80' W., when a chronometer 
showed 10^ 80*^ 48*, the bearing of the sun was observed 
to be N. 170® 20' B., the error of the chronometer on Green- 
wich mean time being 8”^ 88* fast ; required the yariation. 

Ans.. 21® 23' 15* W. 

(284.) Bee. 14, 1847, at 1^ 55» r.x., mean time nearly, 
in lat. 48® 50' N., and long. 1® 80' W., when a chronometer 
showed 1^ 59* 55*, the faring of the sun was observed 
to be S. 51® 40' W., the error of the chronometer on 
Greenwich mean time being 0® 6* fast; required the 
variation. Ans., 22® 25' 15* W, 

(285.) Bee. 14, 1848, at 11^ 11® a.m., mean time nearly, 
in lat. 80® 40' N., and long. 0® 40' £., when a chronometer 
showed 11^ 19® 43*, the bearing of the sun was observed 
to be N. 167® 50' E., the error of the chronometer on Green- 
wich mean time being 3® 38* fast ; required the variation. 

Ans., 2® 50' 18* B. 

(236.) March 7, 1844, at 9^ 59® A.M., mean time neudy, in 
lat. 40° 48' N., and long. 1° 10' E., when a chronometer 
showed 10^ 24® 8”, the bearing of the sun was observed to 
be N. 164® 51' 40" E., the error of the chronometer on 
Greenwich mean time being fast 20® 48* ; required the 
variation. Ans., 20® 26' 40* W. 

(287.) May 26, 1851, at ^ 48® a.m., mean time nearfy, 
in lat. ^ 4& N., and long. 1® 6' W., when a chronometer 
showed 9^ 47® 87*, the bearing of the sun was observed to 
be S. 81® 7' E., the error of the chronometeron Greenwich 
mean time being 8® 17* fast ; required the variation. 

Ans., 28® 85' 16* W. 
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QuekitHu, — No. I- 

1. Beqtiired tbe course and distance A to B. 

LatA. . 56* 85'a Long.A . . 2* IS'E. 

B . • 51 10 a B . . 8 10 W. 

2. Bequired the course and distance from A to B. 

LaLA . . 61 ION. Long. A . . 8* 40'E. 

B . . 61 10 N. B . . 16 10 E 

8. A ship bore from me S. i£., and a current ran in 
the intermediate space S.W. i W. 4^ miles an hour j how 
must I steer a boat to fetch the ship, supposing 1 can pull 
6 miles an hour in still water ?* 

4. On Maj 8, 1835, at noon, a point of land in lat. 
48® 10' N., and long. 2® 2* W., bore by compass E. by S. 4 8. 
distant 20 miles, (variation 8i £.) j afterwards sailed as 
by the following log account; required the latitude and 
longitude in at noon, on May 0, 1835. 



^ Tbs oanrant aUling qnastlMi !• mv omUUd In thn NtfrlfMloo FiynT nt tiMi 
Itogna Vnvnl CoUafn. It aowUinea nigynnin tmoag the gnuUoni in tt^flaaataliy. 
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WlMit bright star will pass the meridiaxi of Canton 
is Cbinft the first mean midnight on June 15, 1885, 
and how far N. or S. of the zenith ? 

6. Jose 15, 1885, in long. 100^ 82' E., the ohserred 
meridian altitude of the sun's lower limb was 20° 15' 40^ 
(zenith S. of the sun), the index correction was + 2' W, 
and the height of the eye above the sea was 14 feet; 
required the latitude. 

7. April 23, 1835, at 9*^ p.m., mean time nearly, in long. 
5° l(f W., the observed meridian altitude of the moon's 
lower limb was 88° 40' 45", (zenith N. of the moon), the 
index correction was — 2' 50", and the height of eye above 
the sea was 20 feet ; required the latitude. 

8. June 18, 1835, the observed meridian altitude of the 
star a Scorpii (Antares) was 20° 10' 50" (zenith north of 
the star), the index correction was + 4' 50", and the hei^t 
of the eye above the sea was 18 feet ; required the latitude. 

9. June 12, 1885, the observed meridian altitude under 
the S. Polo of a* Crucis was 6° 40' 10", the index correction 
was 4- 8' 40", and the height of the eye above the sea was 
18 feet ; required the latitude. 

10. December 10, 1835, at 2** 10™ a.m., mean time nearly, 
in long. 70° 12' E., the observed altitude of o Ursie Minoris 
(Polaris), was 47° 50' 25" the index correction was — 4' 10^, 
and the height of the eye above the sea was 13 feet ; required 
the latitude. 

11. September 16, 1885, observed the following doable 

altitude of the sun. ^ 

Mmo ttme iMMrijr. Chronometer. Ob§. nit nia’i h, L. Trn* MMufnf. 

lO** iO-A.ll. 10»'22- 80* 40"34' Str S.b.E.|B. 

11 40 A.U. 11 22 45 42 12 0 

The run of the ship in the interval was E. b. K. 12 mllei^ 
the index correction was + S' 50", and the height of ^ 
eye idmve the sea was 18 feet ; required the true latitude^ 
the laUtude by account being 51° N., and the longitu^ 
50°10'W. 
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12. March 1835, at 7^44» jljc., mean time nearly, 
in lat. ^^25' N,, and long, by account 58^ E., a chrcmometer 
showed 5^ 10*^ 42*^5, and the obserred altitude of « Arietis 
was BOP lO' 40* W., of meridian, the index correction was 
-f 4' 20* and the height of eye above the sea was 18 £set ; 
required the true longitude. 

February 24, at Greenwich mean noon, the chronometer 
was fait on Greenwich mean time 11°^ 22*, and its daily 
rate was 2**2 losing. 

18. Sept. 8, 1835, at 0^ 10“ p.m., mean time nemiy, in 
lat. 30° lO' N., and long, by account 91° 5' E., the following 
lunar observation was taken. 


01 m . ftit. m Arietif 
£Lof meridUm. 

10“ ly 40'^ 

4> 1 40 

't 


Obf . ftlt. moon** L.L. 
86“ 12' 80" 

— 1 10 


Ob*. dl*t. F. L. 
99“ 27' SO'' 
— 0 80 


The height of the eye above the sea was 12 feet ; required 
the true longitude. 

14. July 5, 1835, at 7^ 0“ p.&c., mean time, in lat. 
50° 53' N., and long. 120° 10' E., the compass bearing of 
the sun was W, 10° 15' N.,and the observed altitude of 
its lower limb was 9° 40' O', the index correction was 
4- S' 50*, and the height of the eye above the sea was 
18 ieet ; required the variation of the compass. 

15. On Dec. 20, 1835, at 4^ 30“ p.u., mean time nearly, 
in lat. 41° 12' K., and long. 110° 45' E., the sun set by 
compass S.W. ; required the variation. 

16. Bequired the time of high water at A., on June 
10^ 1835, A.H. and p.m. 


Cfasage tide . 8* 40* xjl app. tuno. Long. A. , 65“ W. 


Ilefi.^ln this snd the foUowing eisminatum papers the oompaas is 
auppoaed to have no deviation ariaing ftom lo^ attraotioa In the 
XMuUile Navjr the correotkm for deviation is not generally attended 
to;.W in Her Xj^eetya Service all ahlpa are now awnng previouidy 
to their going to aea, and a ttble of deviationa ennatnicted tiinilar to 
the me In p. 244 Hmt the oorreetioii of oomes, do. 
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ybutufol JJmtmae ond Amw^i, 

1. N. aO^ 29^ 15^ W. 377 2 macs. 

2. £. 188*1 miles. 

8. S,B. i S. 

4. Corrected courses N.W. i N. 20' departure coune, 
Xb.W4W. 12'-3; S. 14'-8; S.E.b.B.4B. 12^-7; E. iN.84'^l5 
li?.S.W.42'*7. Lat.in48«6'N.,long.2^18'W. 

5. !^ght ascension mean sun on June 14» at O-reenwiqh 
mean noon, 5*^ 82® ll‘*85. y Draconis, 28® 23' N. of seniibu 

6. Sun's decimation on June 14, at Greenwich mean noon, 
28® 16' 26* N . ; on June 15, 23® 18' 24" N., semidiametcr 
16' 46*. Lat. 46® 14' 16* S. 

7. Moon's declination on April 22, at 21^ Greenwich 
mean time, 11® 35' 58* S., at 22*‘. .11® 21' 53* S.; moon's 
borisontai semidiameter April 22, at Greenwich mean mid« 
night, 15' 4**1, April 23, at Greenwich mean noon, 15' 0*; 
corresponding horiaontal parallax 55' l7*-8 and 55' 2**8. 
Lat. 88® 57' 60* N. 

8. Declination a Scorpii (Antoros) 26® 8' 84* S. Lat. 
48® 47' 84* N. 

0. Declination d« Crucis 62® 11' 25* S. Lat. 84® 20' 28* S. 

10. Bight ascension moan sun on June 16, at Greenwich 
mean noon, 17^ 10® 2-21 ; lat. 47® 51' N. 

11. Sun’s declination on September 15, at Greenwidi 
mean noon, 2® 49' 64* N., on September 16, 2^ 26' 42* N., 
semidiameter 15' 66*. Lat. 60® 20' N. 

12. Bight ascension mean sun March 2, at Greenwh^ 
mean noon, 22^ 88® 13-55. Bight ascension a Arietit, 
1^ 57® 51-5 ; declination a Arietis 22® 40' 42* If. Hour 
ang^e 4^ 87® 28« W. Long. 59® 12' 16* B. 

18. Bight ascension mean sun September 8, at Greenwkli 
mean noon, 10^ 47® 86**87. Bight asoeni^]:^ a igrietii 

57® 56^*8| declination a Arietia 22® Hommmtii 

semidjaimetwf moon Septemb^ 8, at Qvemiwioh mean rpp 
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15f at Gi>eenwieh mean midnight 15* 48**3 ; corre- 
sponding horizontal para&ax 56' 12**5, and 57* 59**9. True 
diatanee 98® 59* 4*; distance from Nautical Almanac at Til. 
99* 2* 68*, at VI. 97® 22' 28*. Hour angle 17»» 54*“ 66« W. 
Long, SO® 28’ 80* E. 

14. Sun*8 decimation on July 4, at Greenwich mean noon 
22® 5tf 87* N., on July 5, 22® 51' 24* N.; aemidiameter 
16' 46*. True bearing N. 65® 41' W. Variation 14® 4' E. 

15. Sun’s declination on December 10, at Greenwich 
mean noon 23® 25' 35* S,; on December 20, 28® OB' 46* S. 
True bearing W. 31® 55' 80* 8. Variation 18® 4' 80* E. 

16. Moon’s Greenwich meridian passage June 10, 12** 2®. 
June 9, 11** 0«; moon’s semidiameter 16' 86*. Equation of 
time 1® S. to apparent time. High water 3*^ 2® a.m,, and 
8t 88® p.M. 

Korz. — ^The right Moendon of mean sun is found in tho Kaatical 
Almaoao in page 11. of each month under tho heading of **Sid«mal 
Time.** 


Que$(ions. — ^No. II. 

1. Bequired the course and distance from A to B. 

LatA. . 40^26'N. Long. A . . 2M(yE. 

B . . 35 32 N. B . . 1 40 W, 

Required tho course and distance from A to B. 

UtA. . 50®48'N. Long. A . . 100® K. 

B . . 50 48 K. B . . 101 £. 

9, A ship bore from me W. i N., and a current run in 
till intermediate space N.N.W. 41 miles an hour ; how must 
I steer to fetch the ship, supposing 1 can pull in still water 
64 miles an hoi^F 

4. M^10,1887,at iMKm,apointoflsndinlat.88®17'Ki 
imd Tong. 40^ 19* bore by co mpa s s W.b.S. | S. dfetaat 



m 


muii VA.VAL COLUSOX 


17| miles (?amtioB of oompsss 2f E.) ; afterwsxds ssOed 
the following log Account ; required the Istitode sad 
loagitade in, Maj 11, at noon. 



5. What bright star will pass the meridian of Greenwich 
the first after 10** p.m,, on October 20, 1837, and how fiir 
N. or S. of the zenith ? 

6. October 19, 1837, in longitude 88® 40' E., the observed 
meridian altitude of the sun’s lower limb was 68® 87' 66^ 
(senith N. of the sun) ; the index correction was + 8' 88^, 
and the height of the eye above the sea was 17 feet ; required 
the latitude. 

7. August 10, 1887, at 6^ 40" p.ir. mean time, in loi^. 
60^ 17’ E., the observed meridian altitude of the moo^ 
lower limb was 45® 47' 39* (zenith N. of the moon), ^ 
index correction was — 3' 18*, and the height of the eye 
above the sea was 24 feet ; requbed the latitude. 

8. June 8. 1887. the observed meridian altitiids of 
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fitsr • Mf^ru was 43^ 20' 47^ (senith S. of the 8tfir),> 
tho coireetion was — 8' 14^ and the height of the 
eye abore the eea was 16 feet ; reqmred the latitude. 

9. February 18, 1887, the obserred meridian altitude 
of the star a JJnm Majoria under the North Pole was 
68° 28' 47", the index correction was — 8' 49^ and the 
height of the eye above the sea was 18 feet ; required the 
latitude. 

10. February 9, 1837, at lO** 20"^ p.m. mean time, in long. 
85° 82^ W., the observed altitude of a Ursae Minoris (Polaris) 
was 5(P 26' 30*, the index correction was — 4" 10*, and the 
height of the eye above the sea was 16 feet ; required the 
latitude. 

11. June 9, 1887, the following double altitude of the sun 
was observed. 

llttUEi tfUM nesHr. Chronometer. Obe. alt mn'e L. 1*. True beullig. 

I** a- P.H. 1 “ 10 - 60 * 52° 5' i(r as.w. 

7 6 p.M. 7 12 48 14 57 30 W.N.W. 

The run of the ship in the interval was N.N.E. 6 miles, the 
index correction was — 1' 20", and the height of the eye 
above the sea was 17 feet ; required the true latitude at the 
second observation ; the latitude by accoimt being 59° N. 
and longitude 47^ 18' £. 

12. August 26, 1837, at 45™ p.m. in lat. 60® 2' N. and 
longitude by account 59° 16' E. when a chronometer No. 10, 
showed 5^ 42"* 16*, the observed altitude of the star a 
Andromedas was 39° 82' 28* E. of the meridian ; the index 
correction was + 6' 17*, and the height of the above 
the sea was 16 feet ; required the true longitude. 

On May 15, 1837, at Greenwich mean noon, No. 10 was . 
tiaw on Greenwich mean time 8" 40**5, and its daily rate 
was 7**8 

18.. May 14, 1837, at 2^ 20" p.x. mean time nearly, in 
laL 60^ 48' N., and longitude by account 60° 62' JL,, the 
fidbwmg lunar observation waa taken. 
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lfoon'»L.L. Ob«.diat.«.L. 

4«* 48' r 45* 47' 88'' 108® «' 48'' 

Index oor. + 3 10 1 12 + 2 18 

The height of the eje above the sea was 10 feet ; requir^ 
the true longitude. ^ 

14. 1^7 20, 1837, at 47*" a.m. mean time nearly, in 
lat. 18** 42' S. and long. 160° E., the sun rose by compass 
E. 21° 18' 80" N. ; required the variation. 

16. March 7, 1837, at 2^ 50® p.m. mean time nearly, in 
lat. 61° lO' N. and long. 86° E., the compass bearing of the 
sun was S. 74° 42' W.; and at the same time the observed 
altitude of the sun’s lower limb was 21° 40' 45", the index 
correction was — 2' 18", and the height of the eye above 
the sea was 14 feet ; required the variation. 

16. Enquired the time of high water at A on August 27, 
1837, A.M. and p.m. 

ChsQg* tide at A . 18* p.x. app. time. Long. A . OS'* E. 

JSletnenii Jrom Nautical Almanac and Anctcers, 

1. S. 81° 43' 30® W. 344'-5. 

2. E. 87''9. 

8. ri.W.JW. 

4. Corrected courses E. b. S. i S. 17''5 ; S. W. b. 8. 20'*7 ; 
aS.W.iW. 25'1; N.W.fW. 31'-8; N.W.^W. 29^*6; 
E. i 8. 18 *4 ; N.E. i E. 21', Lat. in 38° 20* 36® N. Long, 
in 66° 62' W. 

6, a Andromed® 28° 17' 10" 8. of senith. 

6. Sun’s declination on October 18, at Greenwich mean 
noon, 9® SO* 10" 8.; on October 10, 10° 1' 3" 8. ; semidiameter 
16' 5". Lat. 21° 6* 29" N. 

7. Moon’s declination on August 10, at 8^ Greenwich 
mean time, 23° 16' 12" 8. ; on August 10, at 4^ .. 28° 24^ 
87" 8. ; moon’s horisontal semidiameter on August 10, at 
Ghreenwioh mean noon, 15' 48"’8 ; on August 10, at Green* 
inch mean midxdght, 15' 51"'d; correction horixontal paralhix 
5r4r5«nd68'll"-0 lM.20®7'rK. 
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8« Dedinaiion of a Canis Miyom 10^ 29' 8. Lat. 

68® 8' 14* 8. 

9. BeclixukHon of o Uiwe Majoris 62® 37' 42* N, Lat. 
80®42'22*N. 

10. Bight aacenaion mean aim, on Pebruary 9, at Green- 
wich mean noon 21*» 17» 28*.28. Lat. 50® 83' N. 

11. Son's declination on June 8, at Greenwich mean 
noon, 22® 61' 58* N. ; on June 9, 22® 57' 10* N. -, semi- 
diameter 16' 46". Arc (1) 81® 4(y 15*, Arc (2) 68® 32' 16\ 
Arc (8) 38® 4' 0*. Lat. 60® IV 61" N. 

12. Bight ascension mean sun on August at Green- 
wich mean noon 10^ 14°^ 9*.84 ; declination onl Andromeda* 
28® 11' 40" N. Hourangle 20t‘4"’23»W. Long. 5G® 16' 0*. 

13. Sim's declination on May 13, at Greenwich mean 
noon, 18® 24* 17" N. ; on May 14, 18° 38' 65" N. ; correction 
equation of time 3“ 55V3 A and 3® 55*,9 A,; moon’s hori- 
zontal semidiametor on May 13, at Greenwich mean midnight, 
14' 65".2 ; on May 14, at Greenwich mean noon, 15' 69" ; 
corresponding horizontal parallax, 54' 45". 1 and 64' 58" .9. 
True distance, 108® 37' 59" ; distance nt XXI, 108® 4' 49"; 
distance on 14, at Greenwich ineau noon, 109® 28' 44". 
Hour angle 2*^ 24® 5'. Long. 02® 15' E. 

14. Sun’s declination on May 19, at Greenwrich mean 
noon. 19® 47' 14" N. ; on 3Hay 20, 19® 59' 54" N. True 
bearing E. 20® 59' 45" N. Variation, 0® 18' 45" E. 

,15. Sun’s declination on March 6, at Greenwich mean 
noon, 5® 37' 27" 8. ; on March 7, 5® 14' 8" 8. ; somidianieter, 
16' 8". True bearing N. 180® 50' 30" W. Variation, 
25® 38' 30" W. 

16. Moon’s Greenwich meridian passage on August 27, 
22*^ 8®.7 ; August 20, 21** 19"*.9 ; moon’s semidiamotcr, 
14' 46*. Equation of time 19* from mean time. High 
water 18® a.M. and 2** 42® p.m. 

Kots. — The sscensioo of moan ton is found in the Kautical 

Almanac in page II. of each month under the heading of *' Sidereal 
Time." 
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Que^fims. — No. HI. 

. 1. &e^[uijred the coum and diata&ce from A to B. 

Ut A . . 70* 15"8. Long. A . . 3* 1<H W. 

B . . 75 20 8. B . . 2 15 £. 

2. How many miles are there in 10^ of longitude in the 
latitude of Portsmouth ? 

3. A ship bore from me S.S.W. i W., and a current ran 
in the iuten|ediate space S.S.E. } B., 7J miles an hour; 
how must llmer a boat to fetch the ship, supposing 1 can 
pull in still water 10^ miles an hour ? 

4. March 4, 1887, at noon, a point of land in lat. 50° 48' 
N., and long. 1° O' W., bore by compass N.N.B. i E., distant 
16 miles, (variation 2i W.), afterwards sailed as by the 
following log account ; required the latitude and lon^tude 
in, on March 5, at noon. 


llauri. 
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5. At whtA time will the ft«P m Ijytm pam the meridian 
iof Fortsmouth cA Hay 11, 1887, and how far K. or S. of 
the aenith ? 

6. March 8, 1887, in long. 88® 48' E., the obserred 
meridian altitude of the aun^s lower limb wan 51® dlf 8tr« 
zenith north of the sun, tlie index correction wat — 8' 17’, 
and the height of the eye abore the sea 15 feet ; required 
the latitude. 

7. March 16, 1837, at ft** 2“ p.m., moan time nearly, in 
long. 110® R, the observed meridian altitude of the moon’s 
lower limb was 48® 47' 36", zenith north of the moon, the 
index correction was — 2' 47", and the height of the eye 
above the sea was 13 feet ; required the latitude. 

8. July 7, 1837, the observed meridian altitude of the 
star a Cygni was 63® 29' 38", zenith north of the star, the 
index correction was — 6' 12", and the height of the eye 
above the sea was 16 feet ; required the latitude. 

9. Oct. 16, 1837, the observed meridian altitude of the 
star a Urs® Majoris under the North Pole was 6® 26' KT, 
the index correction was — 2 10", and the height of the eye 
above the sea was 17 feet ; required the latitude. 

10. Sept. 10, 1837, at 3** 42® a.m., mean time, in long. 
83® 14' E., the observed altitude of a Urs® Minoris was 
39® 47' 4H", the index correction was -f 8’ 45", and the 
height of the eye above the sea was 17 feet ; required the 
latitude. 

11. April 10, 1837, the following double altitude of the 
sun was observed. 

M«an tioK; nearly. (Thronoin«t»r. Ol)%. alt suh'k 1.. L. Tme baarlnf . 
10M4-A.M. 10^ 9«40' 41 15' 45" 8.R 

11 47 A.II. n 43 28 m 43 12 abyE. 

The run of the ship in the interval was N.W. 6 miles, the 
index correction was — 4' 24", and the height of the eye 
above the sea was 20 feet ; required the true latitude at the 
second ohsenation, tho latitude by account being 51® N.. 
and the longitude 1® 6^ W. 



268 


BOYAL KAYAL COftUm. 


12. Maj 16, 1887, at' 3^ 10" p.v., mean time, in Ut. 
4(8^ 12^ N., and kmg. bj aoconnt 45*^ lO' £., when a chrono- 
meter ahowed 0** 10® 42% the obaerred altitude of the 
Bun^a lower limb was 37^ 20^ 10”, the index correction was 
4* 3' 10”, and the height of the eye above the aea was 18 
feet ; required the true longitude. 

On May 1, 1887, at Greenwich mean moon, the chrono- 
meter was £ut on Greenwich mean time 9® 50”, and its 
daily rate was 8"*2 gaming. 

13. January 16, 1887, at 8^ 4" P.M., meantime nearly, 
in lat. 60° 5(y N., and long, by account 65° E., the following 
lunar observation was taken. 

ObM. Alt min's h. L. Obit. alt. moon's L. L. Obs. dint. N. h. 

go 82/ 20" 15" 4r 30" 121® 10' 30" 

Index cor. -J- 1 10 + 6 47 — 5 47 

The height of the eye above the sea was 16 feet : required 
the true longitude. 

14. May 18, 1837, nt # 50® a.m., mean time nearly, in 
lat. 18° 45' S., and long. 99° IS' E., the sun rose by compass 
8. 80° 12' E. ; required the variation. 

15. March 7, 1837, at 9^* 10® a.m., mean time nearly, 
in lat. 51° 10' N., and long. 89° 32' E., the compass bearing 
of the sun was S. 74° 50^ E., and at the same time the 
observed altitude of the sun’s lower limb was 21° 40' 43", 
the index correction was — 2' 18", and the height of tht‘ 
eye above the sea was 14 feet ; required the variation. 

16. Bequired the time of high water at A. on March 
10, 1837, A.M. and p.m. 

Cliange tide nt A . 6** 45* r.M. app. time. Long. A . 98’ E. 


Moments from Nautical Almanac and Answa's, 

1. S. 17° 28' E., 319''4. 

2. 879''2. 

8. W.b.S. J S. 
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4. Corrected oovuraee S. i W, 15', or W.S.W. i W. ; 

departure course W.b. N. iN. ir*9j B.S.£. 120; 

S. i W. 26'*4 ; N. ao' ^ ; W. 4 8. 14'-7 ; N. b. W. 4 \\\ W, 
X.b. £. I R 2V. Latitude in 5P 14' 54'" N. Longitude in 

35^ 24" W. 

5. At 15^ 12® 42« : 12° 11" 8. of aenith. 

6. Sun's declination on March 7, at Greenwich mean 
noon, 5° 14' 8" 8. ; on March 8, 4° 50' 46" 8. ; semidiamoter 
16' I''. Latitude 33° 5' 44" N. 

7. Moon’s decimation on March. 16, at 0**, 26" 48' 39" N. ; 
at !*», 26° 44' 20" N. moon’s horizontal semidiameter on 
March 16, at Greenwich mean noon 14' 45' *1 ; on March 16, 
at Greenw'ich mean midnight 14'4‘l!"‘9 ; corrected liorizoutal 
paraUax 54' 8"-l and 54' 7"-4. Latitude 67" 14' 35" N. 

8. Declination a Cygni 44° 41' 50" X. Lat. 81" 22' 12" N. 

9. Declination of a Ursee Majoris 62° 37' 28" N. Lat itud(^ 
32° 33' 1" N. 

10. Eight ascension mean sun, on Si*pt. 9, at Grecnwicli 
mean noon, 11** 13"‘ 18**15. Latitude 88° 24' N. 

11. Sun’s declination on April 9, at Greenwich mean 
noon 7° 36' 29" X., on April 10, 7° 58' 43" X'. Sciaidiaraeter 
15' 58". Arc (1) 23° 13' 15", Are (2) 88° 17' 30", Arc (3) 
65° 27' 0". Latitude 51° 0' 47" X . 

12. Sun’s declination on May 10, at Greenwich mem 
noon 17° 38' 34"; on May 11, 17° 64' 7" X"., correct 
equation of time 3® 50**2 S., and 3® 62*.5 E. ; semidiameter 
15' 51". Hour angle 3^ 81“ 21*. Longitude 61" 47' B. 

13. Sun’s declination on January 15, at Greenwich 
mean noon, 21° 6' 42" S., on January 16, 20° 55' 23" 8., 
correct equation of time 9® 49*- 1 A and 10® 9*'8 A. ; moon’s 
horizontal semidiametcr on January 15, at Greenwich mean 
midnight 15' 2"‘l, on January 16, at Greenwich mean noon, 
14' 58"‘0 ; corresponding borizontal parallax 55' 10"’6 and 
54' 55"*3. True distance 121° 20 29"; distance at XXL, 
120° 32' 5", at XXIV., 121° 55' 25". Hour angle 2** 64® 7*. 
Lonsitude 64° 55' 45" E. 
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X4. Suxi*B dActuiAtion on May 17, at Greenwich mean^ 
noon, W 2(y 68^ N., on May 18, W ^ W N., true 
bearing B. 20° 84^ 45-^ N. Variation 80° 22' 45’ W. 

15. Sim'a decimation on March 6, at Greenwich mean 
noon, 5° 87' 27" S., on March 7, 6° 14' 8’ S., semi- 
diameter IG' S’, true bearing N. 131° 9' 15" E., variation 
25° 59' 15’ K. 

IG. Moon s Greenwich meridian passage on March 10, 
8*^ 13“ mean tune on March 9, 26® ; moon's semidiameter 

15' 87’, equation of tinm 11® 8. from mean time, high 
water ^ 1® p.m. and 8** 87® a.m. 

Note.— The right aacenaion of mean win is found in the Nautical 
Almanac in page 11. of each month under the heading of " Sidereal 
Time.” 


Questions. — No. IV. 

1. Required the course and distance from A to B. 

Ut. A . . (JO" 2r/S. Long. A . . 35'' 22' K 

B . . 64 12 S. B . . 30 10 E. 

^2* Sailed from Ushant due west 492*5 miles; required 
the latitude and longitude in. 

8. A ship bore from me N.E. i E. a^d a currmit set in the 
interme4iate spacie N* 1 W., 5 miles an hour ; how Qinst 
I steer a boat to feteh the ship, supposing I can p^ll in still 
water 71 miles an hour ? 

4, May 1, 1835, at noon, a pqiut of land in latiti^o 
51° 10' 8., and long. 8° 15' E., bore by compass S.S,W 1 V. 
distant 25 milea, variation 2} E., afterwards sailed as by 
tke foUawiag log account ; required the latitude axtd kmgi* 
tudein. 
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5. What bright star will paas the meridian of the Land’a 
End the first after 6^ 42*" a.m. mean time on August 17, 
1835, and how far N. or 8. of the zenith ? 

6. August 18, 1835, in long. 110° 32' B., the observed 
meridian altitude of the sun’s lower limb was 60° 25' 10", 
zenith N. of the sun, the index correction was — 2' 50", 
and the height of the eje above the sea was 15 feet ; 
required the latitude. 

7. August 18, 1835, at 8** 0® a.m., mean time nearly, 
in long. 02° 10* W., the observed meridian altitude of the 
moon*8 lower limb was 28° 42^ 10", zenith 6. o£ the moon, 
the index correction was — S' dO'', and the height of the 
eye above the sea was 14 feet ; required the latitude. 

0. December 7, 1685, the obseowed meeidiaa ahatnde of 
the fixed star a Arietis was 40° 25* 10^, asnitb N. of 
stm: the indcK oorrection was — 2' l(f, aad the height of 
the eye shove the sea wmi IS fimt ; leqaired the hdatnde. 

12. Deoemher 7, 1885, the obser^ meridian aititade 
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of a UmB Mijoris, under the N. Pole was IP ICV 10'*, 
the index oomction wm + 8* 20", and the height of the 
eye above the tea was 19 feet ; required the latitude. 

10. December 7, 1886, at P 20® a.m., in long. 78® 80^ £., 
the observed altitude of aUrsce Minoris (Polaris), was 
50® 40' 16'^, the index correction was — & l(y' and the 
height of the eye above the sea was 12 feet ; required the 
latitude. 

11. July 30, 1835, observed the following double altitude 
of the sun. 

Mean time rienrly. Chronometer. Obe. alt enn’s L. L. True bearing, 
ll** 68“ A.M. 0‘‘ 0“ 10* 57 ^ 29 ' 45 " S. S^E. 

0 4 p.M. 0 0 17 57 29 30 S.8''20'W. 

The run of the sliip was none, dip none, the index correction 
was + O' 30" ; required the true latitude, the latitude by 
account being 51® N., and the longitude 1® W. 

12. May 14, 1835, at 9^ 30“ a.m., in lat. 50® 48' N., and 
long, by account 2® W., a chronometer showed 9‘‘ 26“ 18*, 
and the observed altitude of the sun’s lower limb was 
46® 48' 7", the index correction was 3' 10" 4- and the height 
of the eye above the sea was 10 feet ; required the true 
longitude. 

May 1, 1836, at Greenwich mean noon, the chronometer 
was slow on Greenwich mean time 4“ 2* and its daily rate 
was 8‘'5 losing. 

13. September 3, 1835,^at 7^ 32“ p.m., mean time nearly, 
in lat. 30® 10' N., and long, by account 36® 10' W., the 
following lunar obi^ation was taken. 

**• di»t, F. u 

9® 50 ' 40 " 18® 1(K 50 " ^5® 40^ 20^' 

Index cor. — 1 10 + 1 30 — 0 30 

The height of the eye above the sea was 15 feet ; required 
the true longitude. 

14. August 23, 1835, at 7^ 0“ r.M., mean time nearly, 
in lat 50® 48' N., and long, by account 140® 25' £., the 
sun set by compass W. 5® lO' S. ; required the variation* 
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15. AugoBt 23, 1886, at 5J*60» mean time nearljr, 
in lat. 51^ W N., and long. 135^ 40^ W., the aun bearing 
bj compass was S. 22^ KP £., and the obsexred altitude 
of its lower limb was 7^ 40' 50^, the index correction was 
— 2' 50", and the height of eye above the sea was 15 feet ; 
required the variation. 

16. Bequired the mean time of high water at A, on 
Aug. 2, 1835, A.K. and f.m. 

OhaDga tide . S’* 40“ app. time. Long. A . 70® W. 


HlemenU from Nautical Almanac and Answers. 

1. S. 32® 32*15" W. 209'-3. 

2. Lat. in 48® 28' N. Long, in 17® 25' 48" AV. 

3. E.b.N. 

4. Corrected courses K.E. b. E. | E. 25' departure course, 
S.S.E. 18'’3 ; N, I W, 35'*8 ; S.S.W. W. 38'-3 ; S.E. ^ 8. 
47'-3; N.b.W. 2 W. 20'. Lat. in 51® 29' 54" 8. Long, 
in 4° O' 18" E. 

5. a Tauri 33® 54' S. of zenith. 

6. Sun’s declination on August 17, at (Srcenwich moan 
noon, 13® 35' 52" N., on August 18, 13® 16' 40"-3 N., 
semidiametor 15' 49". Latitude, 52° 48' 51" N. 

7. Moon’s declination on August 18, at 2’’ Greenwich 
mean time, 24® 12' 3" N., at 3*', 24® 17' C" N., moon’s 
horizon semidianicter on August 18, at Greenwich mean 
noon, 14/ 6r'*6, at midn. 14' 54"*5, corresponding horizontal 
[larallax 54' B and 54/ 42"-7. Latitude 38® 10' 36" S. 

8. Declination of a Arietis 22® 41' 5" N. Latitude 
72® 23' 24" N. 

9. Declination of a Ursss Majoris 02® 37' 57" N. Latitude 
38® 26' 29" N. 

10. Bight ascension mean sun on Dec. 6, at Greenwich 
mean noon, 16^ 58’” 12**52. Latitude 50® 16' N. 
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XI. S«m*« on July dl« at Greemrioh smbd 

wm, 18«' S& 16" K., on Auguit 1, 16° 24' 47" N., a«ni- 
dmder 15' 47^ Latitude 50° 56' 60^ N. 

12. Sim’a dedinatioa on May 18, at Ghreenwich mean 
noon, 16° 16' 82" N.; on May 14, 18° 81' ir N; corre- 
sponding equation of time 3“ 45*'9 S., and 8® 55*^ S. ; 
semidiameter, 15' 50" ; hour angle, 21** 36* 45* W. Longi- 
tude 0° 20' 0" E. 

18. Bight ascension mean sun September 3, at Greenwich 
mean noon, 10^ 47“ 36**37 ; right ascension a Pegasi 
22^ 50“ 35*'2 ; declination 14° 19' 23" N. ; moon’s hori- 
zontal semidiameter on September 3, at Greenwich mean 
noon, 15' 51"-7, at midnight, 15' 48''-3 ; emresponding hori- 
zontal parallax 58' 12''-5, and 57' 69**9; true distance 
55° 32' 23"; distance from Nautical Almanac at VI. 
50° 49' 7", at IX. 55° 19' 61" ; hour angle 18*^ 11“ 57* W. 
Longitude 33° 48' 0" \V. 

14. Sun’s declination on August 22, at Glreenwieh mean 
noon, 11° 67' 49" N., on August 23, 11° 37' sr N.; true 
bearing W. 18° 88' 45" N. Variation 23° 48' 45" E. 

15. Sun’s declination on August 28, at Greenwich mean 
noon, 11° 37' 37" N. ; on August 24, 11° 17' 14" N. ; semi- 
diameter 15' 51" ; true bearing N. 81° 6' E. Variation 
6° 43' 8(y' VT. 

16. Moon’s Greenwich meridian passage August 2, 6^ 88“ ; 
August 1, 5^ 46^ ; semidiameter 16' 19" ; equation of time 
6“ S. &om mean time. > High water 9^ 12“ am., and 

88“ p.M. 

Nom — Tht right asoensioa of moan aun is found in the Nantioal 
Almenae in page IL ef each month under the heading of ** Si der e a l 
Time.* 
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1. Bequired the course and dietanoe from A to B. 

Lilt A .. 66^ 26'B. Long. A . . 28' W. 

B . . 73 42 S. B . . 4 2 K. 

2. Bequired the course and distance from C to I>. 

Lftt C . . 70" 15' K. Long. C . . If.** 25' E. 

D . . 70 15 N. D . . 20 25 E. 

3. A point of land bore from mo S.S.W. J W., and ) 
current set in the intermediate 8])ace S.S.B. l-v miles ai 
hour ; how must I steer a boat to fetch tlie point of land 
supposing I can pull in still water miles an hour? 

4. October 23, 1837, at noon, u point of land in latitud 
34® 28' S,, and longitude 18° 28' E, bore by compass N.W 
distant 10 miles (variation of compass 21 W.), afterward 
sailed as by tbc following log account ; required the latitud* 
and longitude in, on October 24, at noon. 
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5. At what time will the star a Aqtdlm (Altair) pass the 
meridian of &e Land’s End, on Deceniber 8, 1887, and how 
far N. or S. of the zenith ? 

6. December 10, 1887, in long. 55° 2Cf E., the observed 
meridian altitude of the sun’s lower limb was 25° 52' 5'’ 
{zenith N.) ; the index correction was — 2' lO'’, and the 
height of tlio eye aboye the sea was 17 feet ; required the 
latitude. 

7. August 10, 1837, at 40® p.m. mean time nearly, in 
long. 50° 17' E., the observed meridian altitude of the moon’s 
lower limb was 45° 47' 39" (zenith N. of the moon) ; the 
index correction was — 3' 18", and the height of the eye 
above the sea was 24 feet ; required the latitude. 

8. October 15, 1837, the observed meridian altitude of a 
Aquilffi was 60° 25' 30" (zenith N.) ; the index correction 
was — 3' 20", and the height of the eye above the sea was 
18 feet j required the latitude. 

9. October 16, 1837, the observed meridian altitude of a 
UrsiiB Majoris (Dubhe) under the North Pole was 5° 26' 10"; 
the index correction w as — 2' 10", and the height of the eye 
above the sea vras 17 feet ; required the latitude. 

10. March 17, 1837, at 43® p.m. mean time, in long. 
93° 14' W., the observed altitude of a Ursm Minoris (Polaris) 
was 32° 49' 14"; the index correction was + 7' 49", and the 
height of the eye above the sea was 12 feet ; required the 
latitude. 

11: March 14, 1887, the following double altitude of the 
sun was observed. 

Meiui time neerly. Chronometer. Ohs. elL tnn's L. L. True bearing. 

1 “ 6- P.M. 8“ 2“ 25* 41" 20' 45" a&W.*W. 

5 6 P.M. 12 3 30 7 20 30 W.byaiS. 

The run of the ship in the interval was N. R IS miles ; 
the index correction was — 3' 20", and the height of the 
eye above the sea was 28 feet ; required the true latitude at 
the second observation ; the latitude by account being 45° N. 
and the long. 50° 20' W. 



mjaam Atios papkbs . 


277 


12. Feliwutty 10, 1887, at 9*^ 20“ p.m. mean time nearly, 
in lat. 28® 20^N. and longitude by account 81® 2^ W., a 
cbronometer showed 11*» 10“ 25% and the observed altitude 
of the star a Leonis (Kegulus) was 41® 65' 10"' E. of the 
meridian ; the index correction was + 1' 20*, and the height 
of the eye above the sea was 25 feet; required the true 
longitude. 

On Februaiy 1, 1887, at Greenwich mean noon, the 
chronometer wa&fMt on Greenwich mean time 5*" 20*'G, anti 
its daily rate was 2*‘7 losing. 

13. April 27, 1837, at 2** 30"‘ a.m. mean time nearly, iu 
lat. 45® 20^ N., and longitude by account 46° W., the following 
lunar observation was taken. 


Obfi. ftlt. • VlrR:lnls 
IV. of meridian. 

16'’ 30' 50'^ 
Index cor. + 2 20 


Obs. alt. moou’i L.L. 
15'' 38' 66" 
-f 6 62 


OtHi. diet. F, b, 
» 8 ' 2 ' 40 " 

+ 1 r. 


The height of the eye above the sea was 12 feet ; required 
the true longitude. 

14. June 15, 1837, at 8'' 10“ p.m. mean time, in lat. 50''' 
48' N., and long, 73° 19' E., the sun set by compass W. 30 
29' K.; required the variation. 

15. June 15, 1837, at 9'‘ 39“' a.m. mean lime nearly, iu 
lat. 50® 48' N., and long. 99° 29' E., the compass bearing oi’ 
the sun was S. 38° 19' 50' E., and the observed altitude of 
the sun’s lower limb at the time was 49° 5K' 37"; the ind(.*x 
correction was + 10' 43", and the height of the eye abov<* 
the sea was 12 feet ; required the variation. 

16. Bequired the time of high water at A on February 
17, 1837, A.M. and p.m, 

Chango tide at A . 11^ 42" p.ii, app. time. 


Long. A . ry> . 
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Aimanae anA 

L S. 17® lO' 15" E. 520' 0. 

2 . E. lOV 3. 

3. S,W;f W. 

4. Corrected couraefl E. b. S. i S. l(y departure course ; 
N.b.B.*E.22'‘5; S.iE.28'; W.2!C.19'-4; S.b.W.fW. 26-1 ; 
N.b.B.fE. 25-7 ; W.b.N.fN. 39' 3 ; W.b.N.iN. W. Lati- 
tude in 34® 17' 64" S. Longitude in 17® 82' E. 

6. At 2*^ 84® and 41® 37' 8. of zenith. 

6. Sun*8 decimation on December 9, at Greenwich mean 
noon, 22* 51' 14" S. ; on December 10, 22° 56' 49" S. ; semi- 
diameter 16' 16", Lat. 41® 3' 48" N. 

7. Moon's decimation on August 10, at 3** . . 28® 15' 12" S.; 
at 4** . . 28° 24' 37" 8. ; moon’s horizontal semidiameter on 
August 10, at Greenwich mean noon, 15' 43"'8 ; on August 
10, at Greenwich mean midnight, 15' 5l"'3 ; corresponding 
horizontal parallax, 57' 43"‘5 and 58' 1 1" 0. Lat. 20® 7' 1" N. 

8. Declination of a Aquil® 8® 26' 42" N. Let. 48‘ 8' 58" N. 

9. Declination of a Urs® Majoris 62® 37' 28" N. Lat. 
32® 33' 1" N. 

10. Bight ascension mean sun, on March 17, at Green* 
wioh mean noon, 23»» 89® 24^25. Lat. 38® 47' N. 

11. Sun’s decimation on March 14, at Greenwich mean 
noon, 2® 29* 26" S. ; on March 15, 2® 5' 46" S.; semidiameter, 
16' 0". Arc (1) 60° 12' 46", Arc (2) 91® 20 30", A^C (8) 
46® 23' 30". Lat. 49® 69' 28" N. 

12. Sun’s right ascension on February 10, at Greenwich 
mean noon, 21*‘ 21® 24»*83 ; right ascension a Leonis, 9^ 
59» 48»; declination, 12® 46' 40" N. Hour angle, 20** 48® 40». 
Long. 27® 60' 46" W. 

13. Bight ascension mean sun on April 26, at Greenwich 
mean noon, 2^ 17® 6**41 ; right ascension of a Virginia, 
13b 10m 33s . declination, 10® 18' 40" S. ; moon’s horizontal 
semidiameter on April 26, at Greenwich mean midnight, 
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16^ S*'8 ; on April 27, nt Groenwicb mean noon, W 8*'‘4 
oorreepondiiig borizontal parallax, 50^ 13* 5 and 39* 13''7. 
True distance, 97^ 3<y 29^' ; distance at XV, 9G° O' 34* ; at 
XVm, or 46* 47\ Hour angle, 84“> 26* W. Long. 
45®19'8(rW. 

14. Sun^s declination on June 15, Greenwich mean noon, 
23® lO' 6(r K. ; on June 16, 23® 22' 11* N. True lH‘aring 
W. 38® 48' 46’ N. Variation, 8® 19* 45’ E. 

15. Sun’s declination on June 14, at Greenwich mean 
noon, 23® 17' 5’ N.; on June 15, 23® 19' 50’ N.; aemidiametor, 
15' 46". True bearing N. 119° 53' E. Variation, 21® 47' 
10’ W. 

16. Moon’s meridian passage on February 17, K^* 21'” 9 ; 
on February 16, 9*' 32*"*2; Bcinidiameler, 14' 43 '. b>]uation 
of time, 14“ S. from mean time. High water, 9** 32“ a.m. 
and 9*' 57*” p.m. 

Kora— 'The right osconsion of mean bud is found in the Natiiictl 
Almanac in page II. of each mouth under the heading of ** Sidereal 
Time." 


TH£ END. 



LOKDON . 

auAonuav ksv evans, i'ri.nvcbs, >\'iiiTEfauE,'-. 
















